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PREFACE 


I N 1915 a Geographical Section \mis formed in the Naval InielliEcncc 
Di^Hsitm of the Admiralty to i\ritc Geographical Handbooks 
oil \^rious parts of the ^orld. I'hc purpose of these handbooks 
"w'as to supplvt hy scicfitific research and skilled arraiigeinent, matenal 
Jor the discussion of na^'af mililaryp and political problems ^ as 
distinct from the examination of the problems ther^lves. Many 
distinguished collaborators assisted in their produedon, and by the 
end of 1918 upwards of fifty volumes had been produced in Hand¬ 
book and Manual form, as well as nunmous short-term geographical 
reports- The demand for these books increased rapidly with each 
new issue, and they acquired a high reputation for accuracy and 
impartiality^ They are now to be found in Semce Establishments 
and Kmha^^ies throughout the world, and m the early yearn after the 
last ww Wert much used by the League of Nations- 
I'hc old Handbooks have been extensively used in the present w ar, 
and experience lias disclosed both their value and their limitations. 
On the one hand they have proved, beyond all question, how greatly 
the work of the fighting sen^iecs and of Government departments is 
facilitated if countries of strategic or politit^l importance are covered 
by handlxroks which deal, in a convenient and easily digested form, 
with their geography^ ethnology^ administration. and resources- On 
the other hand, it lias become apparent that something more is 
needed to meet present-day requirementSi The old series does not 
cover many of the countries closely alTected by the present war (e.g^ 
Germany, France, Poland, Spain, Portugal to name only a few); its 
books are somew'hat uneven in qualitVi and they are inadequately 
equipped with maps, diagrams, and photographic illustrations. 

'l‘he present series of Handbooks, while owing its inspiration 
largely to the former series^ is in no sense an attempt to revise or 
re-edit that series. It is an entirely new^ set of hooks, produced in the 
Naval Intelligence Division by trained geographers drawm largely 
from the Univeisitiea. and working at sub-centres established at 
Oxford and Cambridge. The books follow, in general a uniform 
scheme, though minor modifications vnM be found in particular 
cases ■ and they are illustrated by numerous maps and photographs. 

The purpose of the books is primarily naval. They are designed 
first to provide^ for the tise of ('oinitiiindiiig OfiiCLTs. Snfoniiati«n in a 
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comprehensive and convenient form about oounines which they may 
be called upon to visit, not only in war but in peace-time \ secondly^ 
to maintain the high standard of education in the Navy and, by 
supplying officers with material for lectures to naval personnel ashore 
and ajPloatp to ensure for all ranks that visits to a new country shall be 
both interesting and profitable. 

Their contents are, however^ by no means confined to matters of 
purely naval interest. For rrmiy pufpci$c$ (e.g. history, administra¬ 
tion, resources, communications, etc.) countries must necessarily be 
treated as a whole, and no attempt is made to limit iheir treatment 
exclusively to coastal zones. It Is hoped therefore that the Arniy, ihe 
Royal Air Force, and other Government Departments (many of 
whom have given great assistance in the production of the series) ^rill 
find these Handbooks even more valijabk than their predece^rs 
proved to be both during and after the last war, 

J. H. GODFREY 

^ NnvaS 


The foregoing preface ha$ appeared from the beginning of this 
series of Geographical Handbooks. Ii describes so effectively their 
origin and purpose that I have decided to retain it in its original form. 

This volume has been prepared for the Naval Intelligence Division 
at the Cambridge Eub-centre (General Editor, Dr H. C. Darb ). 
It has been mainly written by Dr J, Vv, Davidson, Dr Margaret 
Davies, Dr Raymond Firth^ Dr Ij. Hawkes and Dr P. W. Richards, 
with contributions from Mr A. E, P. Collins, Mr Adrian Dighy, 
DrJ. P, Harding, Professor A. A. Miller, and Dr Charles Wilcocks. 
The maps and diagrams have been drawn mainly by Mr A. O. Cokt 
Miss K. S, A. Froggatt, Miss F. flands. Miss M+ Hart, and Mrs 
Gwen Raverat. The volume has been edited by Dr Raymond 
Firth and Dr J. W. Davidson. 

E. G* N* RUSHBROOKE 

Diw^w cf Naval lAUUrsew 
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Chapter I 

INTRODUCTION 

Significanu iUiiJ Staftja of the Pacific U]md^ t Plan of the Hondbouk 

SIGNIFICANCE AND STATUS OF THE PACIFIC ISLANDS 

Thoiigh (he Pacific ocean is so vast, the land area of the islands 
which it contains iS relatively smalL The total is aboiic 400,000 
sq* miles, and of this roughly 90% k comprised by New Guinea, 
rhe population of the islands is only about ai millions^ Only a few 
islands aie known tc possess resources of niuch importance in the 
world economy^ In recent years* however* the importance of some 
islands for the deyelopment of air communications has become 
evidentj and students- of political and military matters have been made 
aware of the strategic significance of the region as a whole to the 
powerful states round the borders of the Pacific basin. This signi^ 
ficance was forcibly driven home after the outbreak of war with 
Japan in 1941. The names of many Pacific islands aro now generally 
knowm, and something of their importance is widely understood* 
The rapid changes brought about by the w^ar* however, make more 
difficult the presentation of an exact picture of tlic gieogi^phy of the 
region. These ehangeSi together vrith the basic factors of physical^ 
social and political diversityt make it necessary for a Handbook on 
the Pacific islands to follow a somewhat different treatment from 
that adopted in dealing vdth a compact geographical and political 
entity, such as a Europ<sm country. 

Conditions of life in the Pacific islands depend verj' largely on 
the oceanic environment. Some account of the Pacific ocean its 
size and form, its climate^ ils fauna, etc.—is therefore necessary' to 
explain the characteristics of the islands. Vegetation ia largely 
infiyeuced Ln the same ways—some plants have been spread through 
the agency of ocean currents * others have been introduced by 
human travellers ; practically all the plant life of the coral islands 
is affected by the surroundiug seas. 'Phe histor)' of the islands, 
especially in its earliest phases, is largely one of sea travel of voyages 
of discovery and exploration, of trade between Islands and with the 
world beyond;, of the transport of labour from one Island group 10 
another or to the fieighbouring continents, of the vbits of mission- 
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iuics to boblcd cotnnmiijlics. EconamicaJlyp whaling and 

the 3carch for pearls and other products of the reefs and bgoons 
have been important factors in the development of the b!arid$p and 
fishing b &till one of the mam means of Hvelihood of a brge part of 
the native population. Most of the towns in the isLands owe their 
importance largely to the fact that they are also ports \ and, despite 
recent and prospoetive developments in air communication^ the life 
of most island communities will remain dependent on shipping for 
a long time to come. 

Politically I the Pacific island territories arc all in some degree 
dependencies of more pov^crful states outside the island region- 
lliese political linkages do not alw^ays follow the natural geographical 
groupings. Thus, United States territon^ is to be found (in Samai) 
in the middle of a ring of British territon ^ or (in Guam) surrounded 
by islands formerly held by the Japanese under mandate from die 
League of Nations ; the French colony of Nevv Caledonia is adjacent 
to Australia, but separated by half the width of the Pacific from 
French pos^sions in the Eastern Pacific; and, again p some groups 
of islands arc divided between separate admimstralions or adminis¬ 
tered jointly by two Powers as a condominium. I'hc political status 
of the more important territories (as in 1939) b shown in the following 
Tabic; 


Ithifds : PoUtkui Siatitt f 


ControViriig P&iwcr 

Ajra 

Siatua 
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^^drth-Eait N«n’ Oiunea (incEudiOH 
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Lord Howe iil&iui 

Mandate 'rerd- 
tory 

"i'emleTy 

Put of [he State of 
New ScmibWtlo 
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Fucific hhinds : P^kiud SitHm — 
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Area 

Statiis 

(Hi) New Zealand 

Western Samoa 

Coolt i^janrlfi 

Niue 

TokeUu graip 
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t The paftitlou firEAnlifiD Hcivcna^i)? in ihc PAd^ic immedutely pnor to tbc ■wir 
it liltpwii ia Fiff- 9 S ; idnumitniiiTne areia in the awl WesEem 

Pk:«ic tvapectively^ u at inc oiitbrcah of In 15391 sHflwn in vot. I!; Fkif, a 
and vQl, 111, Fitf. 
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INTRODUCTION' 


PI.AX OP THE HANDBOOK 

^ITiough the oceanic setting gives to the PacJlic b!ands many common 
characteristics.^ physical and social, the region b so krge and many 
of the islands are so isobted that great diversity remains. In treating 
the region as a unit, only very broad genenLlization is possible^ and 
much that is of primary importance in particular areas has perforce 
to be omitted or passed over very briefly. The llandbCHok is therefore 
divided into the present introductory volume^ which gives a general 
survey of the Pacific ocean and of the islands as a whole, and three 



Fig. li Key map to the Hani!l>nok 

The unshaded conciiin theislimd:i described in volumes H.,Ill and IV. 


regional volumes, which describe the characteristics of each group 
or island in turn. V^olume II covets the islands of the Eastern 
Pacific; volumes III and IV deal with those of the Weatem Pacific. 
(The area oovered by each of the regional volurncs ia indicated in 
Fig. t.) For the description of each group the aamc system of headings 
is followed as far as possible ; and, for the major areas, the general 
review is followed by a description of the phyatcat characterbtics 
and social and economic conditioriis of each island individually. A 
bibliographical note is given for each group of islands. 

















t+ The DurtEintinsi equine a 

Khovviiijt; ercHtion Forms on souihcrn ^tlopes of ihe Bismarck r3.n^c (piirt of the 
An^hiieEin core of Xew Giiintii). There are fe%v hi^h out^tondinj^ pedJtg owinj? to 
le\ ellinj; of the conf prior to uptifi. Kcdent eroston has produced deep 



Folate 1. The Watut-Tivin watershed. New Guinea 
This view in the etiniriil highlunds shows reccnl erosioti of the upSifitd core* 
At this elevation forests are cimtined to valtev iK^ticmis and most of the surfHcc 
is under jirusK. 





PlatK 3. The ea&tern barrier Mangurvvu 
A view U.Hjki^^ ntirth at hiKh tidtf. shnwinj; the sea breaking aliaiiist the steep coml 
bcaeb. Two miaW reef isluTS can jiist be Seen on the hori^eon. 



Plate -|. Tarawn, CTihH?rl isTiandit 
In the rLjrcjjrtsund JU-tk* (llitttu) istlaml, on whieli 
\V£is the principal settlement l^efore the war j the 
airfttrip built by the Japanese can iieelcarly seen. The 
InnK namwv island running nut of the phcilo^nipb 
(i wards the cdaiJ h Bairiki. 




Chapter H 

GEOLOGY AND PHYSiCAf. STRUCTURE 


Gcnenil Featurcfl : Types of Rodia : Age and Origin of the Pacific : Active 
and Extinct Volcanctcs : Earthqnokci: Cowl Rcc£s: Tbe Sculpmring of 
Volcanic Isliinds: Deposits on the Floor of the Fodfic: EiblkigTmphiCa] Note 

The Pacific ocean is bounded by fold mountains which show great 
instability^, and earth rtn?^ ements and \ii1canism are features of many 
of its 20,000 islands. A large number of these islands have been built 
up by corals, and, here again^ there are frequent changes in the 
details of the landscape. East of ^ depths are relatively more 
uniform and island groups are infrequent. The majority of the 
islands and the great ocean deeps lie we$t of this meridian. I'he 
Island arcs am roughly concentric to Australia, and the inner islands 
share some of its cont mental rocks (Plates i - 2), hut these become 
rarer in the more easterly arcs. Younger folded rocks are also well 
developed in al! these arcs. Coral reefs are frequent and, as one 
passes towards the centre of ihe ocean, coral rock predotni nates on 
the surface of the islands (Plate 3)- Many are wholly of coral (Figpi). 
Melmicsia, Micronesia and most of Polynesia are set in the west of a 
great ocean, the greatest unit of the hydrosphere. The majority of 
the Pacific islands Ue in a sector of the Pacific which in area is roughly 
equal to the Indian ocean, and to north and cast lie vast stretches of 
ocean, for the most part, like the North and South Atlantic, empty 
of island groups. 


GENERAL FEATURES 

The Pacific ocean has been variously defined. Tw'o main usages 
of the term may be noted. It may be regarded ^iker as the area 
bounded by the continents of North and South America, AnUjrctica, 
.Australia, and Asia, and marked off from adjoining seas by Bering 
strait (36 miles wide) in the north and the meridians of South-east 
cape (Tasmania), and cape Horn in the south p or this area restricted 
by the exclusion of the bordering Bering. Okhotsk, japan. Yellow 
and East China seas, and of Bass strait, and of the Californian gulf. 
'The term ‘Pacific basin* as used by geologists is a still fiuther 
restricted area (p^ 14). 
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GENERAL ]E.\TLTICS 


Comparative size 

'I'he following comparative figures sre of intereii i 


fin miUiona of sq- miles) : 

E^rth 197« 

Total ItPVls S 7-5 

Totfll sea5 

Pacific (with bordering sca$) + 

Pacific (without bordering seas 63-K 

Atlantic (without bordering scjw) 31 

Avrr^ge D^rhs (in fathomi) : 

Total Stas 5 .“ 7 * 

Pacific (widi bordering seas) 2i.i5 1 

Pacific (without bordering seas) 

Atlantic (without bordering seas) 2^14? 

y^times (in millions of cubic miles) t 

Total seas 3=9 

Pacific (with bordering seas) 174 

PadJic (without bordering seas) 170 

Atlantic (without bordering seas) 7 S 


Thus the area of the Pacific with iu borderiag seas is about 
one-third that of the earth, one-half that of the oceans, and one-fifth 
greater than that of the land. The Pacific ocean has a cubic content 
seven timea as great as the bulk of all the land over sea-level. The 
form of the area can be realized only by examining a globe. The 
distance from Bering strait southwards to cape Adare, Antarctica, 
is approximately 9,320 miles. The point on the earth most distant 
from land is at 47* 30's. t jS* 30' w, and lies 1.360 miles from the 
nearest coasts of South America, Peter I island in Antaretica, and 
Dacie island. The distance from shore to shore acrcBs the Pacific 
in latitude 15'* N U almost mace as great as that across the Atlantic 
ocean along the same parallel. While there is a relatively con¬ 
stricted area between the northern and southern Atlantic basins 
(the distance from Brazil to Liberia is roughly t ,700 miles), there is 
no such narrowing in the Pacific ocean. Profound differences in 
water circulation and in modern communications arise from this 
niajor contrast between the two oceans, and also from the fact that 
the Pacific, unlike the Atlantic, is shut off from the Arctic ocean. 

TuK Ocean Floor 

Despite advances in echo-sounding technique whereby depth is 
rapidly found by noting the time of travel of sound waves to the 
bottom of the sea and back, only the broad features of the form 
of the Pacific fionr are known. The quesiton as to whether the 
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floor has iiregulailties at all compar^b with those of the land 
surfaces will not be resolved until sounding methods have been further 
developed. Xhe most favoured opinion among geologists is that 
the greater part of the Pacific floor has lain below the sea for geological 
ages—perhaps since the time of the birth of the hydrosphere—and 
that therefore the varied forms of relief developed by erosion of 
the lands are not to be exj^cted there. If this is so, the relief must 
be due either to diflercntial movements of the sub^occanic earth's 
Crust or to the accumulation of materials from submarine volcanoes. 

The floor is covered by an unknown thickness of soft fine-grained 
marine deposits (p. ja). As at present known it is generally level, 
with elongate gentle rises and depressions with straight-line or 
slightly mining trends. Many of the rises support lines of islands. 
In addition, there are the elongate ‘great deeps’, a characteristic 
feature of great stretches of the border of the Pacific. These 
deeps are commonly called ‘troughs’ or 'trcnchca’-terniB which 
may give a false idea of depressions in which the sides do not attain 
slopes of more than 7* s-nd arc commonly even more gentle. It 
must be borne in mind that in drawing sections across ocean floors 
At is usual greatly to exaggerate the vertical scale, with a consequent 
unnatural steepening of slopes; the sections of Figs, 3-j will illus- 



Thw secuon extends over b quarticr of the earth's circumference The 
vertical scale » exaggerated 30 times, llased on F. A, V. Meincsa. Gravilv 
Etpeditiom at Sea. vol. ii, plate t (Delft. i934>. ' 


trate this point. The deeps arc situated not in the middle of the 
ocean, but cither near to and parallel with the continental borders 
or abng lines of islands marking the borders of the geologist’s 
■Pacific basin' {Fig, 7). Fig, 6 shows that many of the deeps are 
arcuate in plan trith high land on one side-usually on their concave 
side; they are accordingly known as 'fore-deeps." i.e., the ocean 
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PLiU' 5r [if itijrih J^riFjr lliirir 












IHtitc 6, Coliunnsur basalt* Ponape 

Bajiall 3,1 wt-lt LL>vi:]nptil in. the Jakaj cliff in ihv rTi:>rth-ccntral part of hinapc. 



nati: 7. WtftHiunrtl 1imt!stiinc block, Man^to, Fiji 
Nntc the %tuy in which (his limesu-hc (u.uldcr has been undercut by the waves. 
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hollows in front of tJie land elevations. The marginal JanJs of the 
Pacific are all mountainous and the deeps commonly lie closest to 
the motin[3ins where they are highest- Great earth movements 
have occurred hi th<^e marginal ar^. The maximum ocean depth 
recorded, 5,90a fathoms {6-7 miles}* is from the Planet deep off the 
Philippines ; this depth h about half the amount of the earth’s 
radial polar flattening, I'he souih'eastcm sector of the Pacific h 



Fig* 4^ Section across the Tonga deep 

The true aeale is shown by A* In B the ycitJcaJ scale has been exaggerated 
ao times. Based on vmrJous sources^ 

revealed on Fig. 6 aa one of rather less than avenge depth* "I'heine 
are four relatively small deeps parallel to the Peruvian and Chilean 
coasts tn this sector, viz.:—the Atacama trench, 4-^175 fathoms ^ 
the deep lymg off the angle of the coast where the Peruvian and 
Chilean coasts adjoin, 3,755 fathoms; that lying off Callao, 3,209 
fathoms; and the deep which lies off Valparaiso, 3,099 fathoms, 
"rhe three deepest troughs lie off coasts which slope steeply up to 
the high Andes* 'I'hc south-eastern sector has few islands. In 
the Western PaeUic there are many chains of islands^ and off them 
on their eastern margiiis he the fore-deeps. In addition to the great 
trench sounded by the Ein^en off the Philippines are deeps lying east 
of the Palau islands and east of Yap* 'ITie maximum sounding 
from the deep lying south-east of Guam and the Marianas ia 5i7SS 
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fathoms- Off X€W Guinea and the Solomons the BougainvUle trench 
is 5>490 fathoms deep, while the deep off Nctv Caledonia reaches 
4,139 fathoms. The long Kermadec-Tonga deep which stretches 
from 36" £ norihAvard to 16^ s reaches 5^639 fathoms (Fig. 6), 
The model (Plate 5) of part of the north Pacific floor h based on 
over 17pooo soundings made by theU-S-S- ii™n/o between ht* to® N 
and lat. 50* K* It gives a valuable picture of the positions and trends 



j 

A 


Fig. 5. True-scaJe seedona across the Pacific ocean 

Tbese seclian$ nm approximately froni west to east. A-B is ncross the Nero 
d«pp and coven a liistancc of 360 miieo. C-D. duough Oahu, repraents a 
distance of (90 miles. leased cm F. A. V. Mclnesz, Grmty E^cptdifvms 
ScOf vol. 11, plate 1 (Delft^ 

of the major rises and hollows, but a fal4ie impression of the magni¬ 
tudes of these departures from the general lewlp as the vertical scale 
of the model is exaggerated 50 times. The Hawaiian ‘swcir — a 
gentle rise 600 miles wide and 1,900 miles long^ — trends 
(Fig* Section C-D). Shorter rises cross its main axis and 

there is a suggestion that volcanic activity t$ more intense at the 
intersectioriSH In the south Pacific is the Albatro$s plateaU;, an 
under-sea area of continental diinensiom less than 2*500 fathoms 
below the surface. Its few islands do not lie along linea hut arc 
isolated volcanic piles* 

The areas of the Pacific floor lying Isctw'een various depths can 
be found from Fig, 7* which show^s that^ compared with the other 
oceans^ the average depth is greater and the descent from the coasts 
to the general ocean floor steeper* 

1 \TES OF ROCKS 

No samples have been obtained of the solid rocks beneath the 
universal cover of soft deposits (oo2es, corals, etc.) on the ocean floor. 
Of the solid outer part of the earth 71 % Is at present a ^terra Jneog- 
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Fig. 6i PAcific oc^on dcpthi 

The peeked line i* the 4p«»-metjrc conwur, Art*s where th* depth exceedi 6pOi>o metm ire «hown m black. Bmed on 
L. J, Chubbp "The Structure of the Padhc ilJldn^ Gtolopeal Ma^asim^ voL Lxxii p-191 fLondnnp 1934^ 
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rilta’ to the geologist and it is one of his dreams that one. day means, 
sdentihc and financial, will be found to explore this held. At 
present tve have to rely nn indirect evidence. The rate of travel 
of earthquake waves through the rocks of the floor and the force 


Fig. 7. Relaticin of depth to area in ihe Fsdfic and other oceans 
The purpose of this curve rt to demonstrate the peieenUige of ares betw^eeri 
onj two depths hy the usual tnethed. of cn^onliniktH. Seas bordering on the 
Pacific are excluded. Based oa various sources. 


of their gravitational attraction prove that they arc rigid and heavy, 
as compared with the lighter rocks forming the continents. In 
agreement with this the igneous rocks of the Pacific islands, which 
have been formed from material forced to the surface in the fluid 
state, are for the most part relatively heavy. It should be realised 
that the earth is solid to a depth of over r,8oo miles, and iliat the 
volcMoes derive their materials from liquid pockets which at times 
and in restricted regions are formed within the crust. 


ICNEOus Rocks 


In overwhelming proportion, the rocks of the Pacific isla n d t 
volc^c, i.e., formed by the cooling and solidification of hot imjt 
liquid which has been forced to the surface. (The student of Pacific 
geological literature must be warned that observations reported 
at one time have, in some cases, been contradicted later.) Laigc 
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condnuous arc known as bvaa^ Very commonly there is 

explosive activity due to the expansion of dissolved gases which takes 
place w hen the pressure on die liquid is reduced by its rise to the 
tiurface. This results in the dispersal of fragments wlilch vary in 
size from bombs (volcanic rock masses one foot or more in diameter) 
through lapiUi and scoriae to fine ash or tuff- A deposit formed of 
a mixture of varioxisly-sbed fragments is called an agglomerate. 

The geologist ctasslGes nocks according to their chemical and 
mincraloglcal composition and he has coined a bewildering number 
of forbidding names for them. For the precise connotation of these 
names reference must fae made to a petrographical dictionaiyp To 
understand what follows it will suffice to know^ a few comprehensive 
terms and to realize that the amount of silica varies in the different 
rocks^ which may accordingly be placed in a series from basic rocks 
poor in silica to acid rocks rich in silica. The main rock types with 
ihtir approximate silica-coiifent ranges are : 


Occanites, etc- 
Basalts 
Andesites 
Trachytes 

Rhyolites and obsidLms 


37"4S% riiica 

43 - 50 ^'.> Pj 

47*5 fc y 

56-66% p, 

p* 


111 general, with increasing acidity the colour of the rocks passes 
from dark to light, but glassy rocks (obsidians) are black. unless 
they are very vesicular (pumice). Also, in general, with increasing 
acidity the specific gravity decreases from about 3-2 to about ^*4. 
If the rock liquid solidifies beneath the surface it cools more slowly 
and the crj'stals are larger. These coarser-grained 'plutonic* rocks 
are named picrite (which is oceanitic in composition), gabbro 
(basaltjc)» diorite (andesitic)* syenite {trachytic), and gtanite (rhy^ 
olitic). Plate 6 shows a mass of columnar basalt. 


Other Rocelb 

These include sandstones, mudstones^ and limestones (Plate 7 shows 
a shore formation)* many with a certain mitture of volcanic material 
and many changed (metamorphosed) by heat and pressure into 
quartzites, slates and marbles. Extreme metamorphism has resulted 
in the production of schists and gneisses—hard, finely banded 
rocks, 'Fhe economically important phosphate rock is described 
in a separate section. 

It may be pointed out here that continents have a bi^ of light* 
coarse-grained rocks such as granite and gneiss* together with 
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scjimcnur^ rucks, tlic older series of which are cotnnionly liighly 
disturbed, folded and metamorphused. 

TfiE In^xer Basin and rrs Islands 
On a basis of rock composition the geologist separates an inner 
Pacific—tbe Pacific basin proper—from an outer one. The line 
of demarcation is knoim as the andesite line (Fig. 2) because, while 
basalts predominate wiibin it, andesites are common in the islands 
continental borders behreen it and the bounding land maas^. 
The andesite zone lies, then, on the landward side of the Pacific 
basin of the geologist, and includes not only the relatively recently 
folded mountains of the continental borders—e.g., of the Rockv 
Mountain complex—but also, around the northern and westcr^i 
majgins, many targe and smaller island groups. The Philippines. 
Japan, and most of New Zealand lie ivithin the andesite zone, and 
80 do the islMd groups included in Melanesia, and the Carolines 
and Fiji, Within the P^ific basin proper the rocks of the islands 
are overwhelmingly basic—oceanitea and basalts with very sub¬ 
ordinate amounts of trachyte and more aeid rocks. Rhyolite and 
ob^dian are found only in Easter island and Tutuila. Erosion of 
extinct volcanic cones Has exposed small bodies of gabbro and 
syenite, but no granite has been found. The islands of the coral 
zone (Fig. a) are partly or wholly composed of coralline and echcr 
limestones which, however, are hut cappings laid down on the tops 
of volcanoes. 

Islands OirrsiDE the liAStN 

'1 he rocks of mmt of the islands outside the inner basin arc 
volume ; but 'continental' rocks—i.c., granites and gneiss and other 
highly metamorphosed rocks-are found in the following island 
am: the Aleutian, Japanese, Ryukyu, Philippines, New Guinea- 
iScw Caledonia ; also m Yap (Carolina), Vela (Truk), New Ireland 
the Solomon isl^ds. the Fiji-Tonga group. New' Slealand, and 
e ertna ecs (Fig. 2), In addition, the widespread occurrence of 
andMites—rocks which arc common in the borders of the Americas— 
IS taken to be a sign of the presence of ‘continental’ rocks. 

^ As an example of the kind of evidence which such 'contineniar 
islands afford, \^ti I,evu (Fiji) may be cited. The oldest rocks arc 
a sen« of volcanics with some quartzose sediments folded and meta¬ 
morphosed and (apparently) intnided by granite, diorite, and gabbro. 

/nuf of these roeb is unknown but they are pre-Tenian'. 

( he foil owing general Table is given for reference,) 
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Table of the Main Giologicat Periudi 


Era 

Period 

Quaternary 

Recent ! 

Pleistoceoje 


Kainossaic 

PUi>ocne 

1 

(Tertiary) 

^Hocenc 

Oligoccnc 

Eocrac 


Meio2oie 

Crrtni^iiS 


{SecGtiJary} 

Jurassic 

Ttia$atc 

Falaeaztii±^ 

{Primary} 

PtimutikO 

Carboniferous ' 

Dcvmiiu) 

Silurian 

Ordovidao 

Cambrian 1 



Prc-Cunibnan ‘ 



or 1 



Archaean * 


These rocks arc eitpD&ecl in widely scattered regions in Viti Levti 
and they presumably form the base of the whole of It, They indicate 
an early period of mountain building followed by prolong^ eroeiou 
which removed vast thicknesses of rock. Afterwards, in Tertiary 
times the younger rocks were laid down. These btter consist of 
□bout 4»ooo ft. of volcanic rocks together with marine limestones. 

It is clear that prior to the Tertiary period Vld Levu was a larger 
land area and the same conclusion applies for the other ^continental’ 
islands. Some geologists advocate the former existence in the 
south-west Pacific of a large Melaneman continent extending east 
and south from Australia, Thh area is now largely deep sea and 
Fig, 6 demonstrates the scantiness of available evidence. The 
‘continental" isLands were certainly larger in some part of pre- 
Teitiary times, but the extent of the former Lmd area repiams highly 
problemadcah This matter is further discussed in a following 
section. 

Rocks and Ores of Economic Value 
As a whobp the Pacific islands are not rich Ui minerab of 00m 
mercial importance ^ though there ate some important sources tn 
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the Western FadfiCp and phosphate occui^ in a number of islands 
iti both the Western and Intern Pacific. 

Phosphate is the only rock of economic importance in the lime¬ 
stone i^bnds. It IS derived from guano, the droppings of birds 
(though according to one theory some of the deposits may have been 
derived from marine sources)* The chief sea-fowl forming rookeries 
are the sooty tem^ the man’^f-w'ar hawk or frigate bird, die mutton 
bird (a petrel)^ the pelican, die bosun bird, and the gannet. I'hcse 
birds in the Pacific gcnemlly occupy low isbnds, some not more than 
lo ft. high, and long before the land comes within the range of vision 
its position can be determined by the clouds of birds seen hovering 
over it^ (Many of the islands on which phosphate occurs, how^ever* 
have now long ceased to be bird rookeries.) 

The guano is rich in soluble di-basic phosphate which i$ leached 
out by rain and spray, and the solutions act upon the limestone rock 
beneath, forming the less soluble tri-basic phospliate. There arc 
intermediate stages between guano and phosphate rock, and some 
deposits are called guano-phosphate. Guano has been worked on 
islands such as Clipperton, Malden, Howland^ Baker and Starbuck. 
Guano-phosphate is tvorked on islands such ^ Surprise, Fabre and 
Le Leizour of the Hugh group north of New Caledonia, the Chester¬ 
field group west of New CaledonLi, and Walpole, south-east of Neiv 
Caledonia. Rock phosphate is mined in Saipan and RoU (Marianas), 
in Pelcliu, Tobi, Sonsorol and Angaur (Palau), in Ebon (Marshall 
[slands)i and in Mciatea, Ocean island and Nauru. (For estimated 
reserv es of the last three islands see vol. IJ, p. zo8.) There arc a 
few other minor sources also, but all likely islands in the Pacific 
have been cTramined (often two or three times by different parties 
searching for phosphate), buE without success. Apparently the 
only undiscovered phosphate to be hoped for is a little recent guano 
deposited on islands unfrequonted by man* 

The discovery of phosphate on Nauru was unexpected. In 
1897 an unusuaHooking piece of rock w^a$ brought from Nauru to 
Sydney^ where for three years it w-as used at company offices to keep 
a door open. It w^ eventually tested and found to be mek phos¬ 
phate. Nauru and the neighbouring Ocean island contain the 
richest deporsits of rock phosphate now known in the world ; in the 
years immediately before the war they yielded about a inilUon tons 
of phosphate per annum* (For further details of exports sec vol. Ill, 
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pp. 351-4^) Tte rack occurs in the two islands at the sur&ce under 
a veneer of guano-phosphate, and occupies the space between 
innumerable pinnacles of Umesiotie tvhicht after the phosphate has 
been dug, present a fantastically irregular landscape (vol^ 111 , 
Plate 49)* Phosphate is worked from betiveen the p inna cles to a depth 
of 30 ft* or so at Naum, and to as much as 65 ft. on Ocean island* 
There is still phosphate unde rfoot, but it does not pay to dig when the 
space bettveen the broadening pinnacles becomes very narrow^ The 
percemage of tri-basic phosphaie is not only high, but fairly uniform; 
shipmencs average S5 and 86% of tti-basic phosphate of UmCp 

Nickel and CArij??if 

The most import ant sources of nickel and chrome arc In New 
Caledonia^ which, though its contribution to world production is 
not Jat^c, occupied before the w'ar second place among nickel pro¬ 
ducers and about seventh place among producers of chrome. Both 
the nickel and the chrome in Nesv Caledonia occur in the serpentine 
rocks. The nickel is in the form of gamierite, a compound of 
nickel and magnesium silicate, which occurs very sporadically in 
small discontinuous vetEts and pockets. The chrome occurs in the 
form of chromite, which is an iron chromium oxide, ivith certain 
impurities also present; it varies in colour from dark brown to black 
and is w 4 dely distributed^ often concentrated in deposits near the 
surface left after the surrounding rock has been eroded away+ 

GaU and Other Alinerah 

Gold is obtained from New Guinea and Fiji, and has ;;=i|sj> been 
discovered in Guadalcanal in the Solomon islands^ though pro¬ 
duction was interrupted by the outbreak of war* The metal also 
occurs in New Caledonia^ in the alluvial deposits of the Diahot 
valley and in quartz veins in the old metamorphic rocks in the 
mountains around; only one mine has been seriously exploited, 
bettveen 1870 and iSSsh 

Osmiridium has been obtained in association with gold in New 
Guineap and has been exported in small quantities, and a certain 
amount of silver exists in New Guinea and New Caledonia. Man¬ 
ganese occurs In New Caledonia in the schists of the west coast, and 
was for a time an important export j deposits also occur in Furutu 
(Austral islands), though they have not been worked, and on Babel- 
thuap and Saipan, as well as in the Port Moresby area of Fapua and 



18 {;f.oi,o<;y ani> HriysiCAL emrcn'jiE 

in New Brilain. Copper, isinc, Ealona (silvL-r-bedriTtE lead sulpltide), 
and cobalt have been obtained in New Caledonia and New Guinea, 
and small deposits of antimony have been worked on the east coast 
of New Caledonia. Iron occurs in small quantities in ^'ap and 
Ponape (Carolines), and in larger amount in New- Caledonia. Though 
in the l 3 st->named island it is of low grade, it was extracted bv 
Japanese interests immediately before the war. Surface iron orK 
which contain copper occur in Netv Guinea, and were worked before 
the war; tltc material was exported for pigment. Bauxite is found in 
Pabu, Yap and Ponape (Carolines), and is reported to be in such 
quality that it would suffice Japanese industry for tvsenty years; the 
estimated production in 1939 was about too,oootonsororc, yielding 
about 25,000 tons of aluminium. Sulphtu deposits are cornmon in 
the active volcanic areas, but in view of the lowr market prices for 
sulphur, arc not worked to any great extent. 

In addition to the sources mentioned above, prospecting in some 
island groups of the Western Pacific, such as the New- Hebrides, the 
Solomons and New Guinea, Indicates that there may yet he deposits 
of these and other minerals which will repay commercial exploitation. 

Coal and Oil 

All forms of coal are rather rare in the Pacific islands since the 
rocks are mainly recent. But coal of somewhat low quality has 
been worked on the west coast of New Caledonia (voj, HI, p. 465), 
bituminous coal and lignite are found in Palau, and there are con¬ 
siderable deposits of anthiacite coal (which, however, contains a 
high proportion of ash) in New' Guinea. Lignite deposits, as yet 
not properly surveyed, occur in Rapa (vol. If, p. 253) and in Papua, 
Traces of petroleum have been found in New Caledonia (at Koumac), 
and there appear to he considerable petroleum reserves in New 
Guinea, where much prospecting has been done; there has .ilready 
been some production of oil from Dutch New Guinea. 

AGE AND ORIGIN OF J'HE PACIFIC 

How long has the Pacific area been sea and how was the great depres¬ 
sion formed ? These arc questions which it is impossible to answer 
witli certainty and in consequence speculation has ranged over a 
host of possibilities. It has even been suggested that a continent 
has disappeared in the Pacific since the dawn of the human period 
and that the island populations are the remnants of continontaJ 


AGE AND OR[CJN OF TH¥. PACIFIC I9 

peoples who rcLieaied to the tops of the moLmUMns when the gfea: 
:^bmergence took place. 1 m tliis connection it is pointed out that 
were Africa to subside by 15,000 feet its site w^ould be deep ocean 
with (except for Ruwenzori) TOlcanic liilands comparable with those 
of the Pacific, But the idea of a Pacific continent in human times 
is a fanmy—the Polynesian is a canoe man, not a pedestrian. Some 
geologists have postulated large tracts of land across the Pacific at 
various geological periods in order to account for the discributiom 
of fossil animals. But there is no genctal agreement about this, 
and some think that the evidence is best explained on the basis of a 
permanent ocean, 

The rocks above sea-levd of the islands of the Pacific basin (in 
the geologist's terminology) are all of late geological age (Tertiary 
and later); the age of the rocks bebw* them in the "rises' k unknowm. 
All the evidence indicates that the *^rises* are accumulations of volcanic 
material and that they are not upfolds of the sea floor similar to 
the fold ranges of the continents. Seismic evidence shows that at 
the boundary of the Pacific the difference in physical properties 
betiveen the more rigid ocennic crust and the continental crust ts 
traceable to a depth of about 3^ mile$i below which it disappears^ 
The material near the surface of the Pacific floor does not differ 
significantly in physical properties from that for several hundred 
mites below^ it-^a condition different from that in the continental 
areas. In qualification of this statement it shoLdd be noted that 
the smaller depth of tlie Albatross pUteau and the extension of the 
seismic belt over it indicate the presence of a thin layer of lighter 
continental rock+ The Pacific earth crust appears to be of remarkable 
strength compared wiih that of the continental crusts Loads of 
ice ^ few thousands of feet thick have pressed down the continental 
crust liundredis of feet, but big loads of volcanic rock in the Pacific 
islands have not had this effect. The shores of the islands have not 
been moved vertically by as much as a thousand, feet during the last 
60 million years, proving great stability of the ocean floor on which 
the islands rest. This k all the more significant as during this period 
there \vere great crumplings and uplift:& of ihe continents which 
formed the Alps, Himalayas, Rockies, Andes^ etc* The strongest 
reason for regarding the Pacific depression as a permanent one is 
the fact that the continents stand high and the ocean floors low liccausc 
they arc light and heavy masses re$pectively—the continents are 
floating rafts—and the geologist knows of no likely means by which 
this fundamental density difference could be reversed. In suppori 
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F!'g+ Volf^nic arCM of the Pocific 

'Phc shddecl area? aitr iri^on? of active vulcanifim. The ctoa^es mark isolated outhtenkii. Based on K. Sapper^ Vutkankuftdr^ 
plate J4 (Styttgatt^ 1917). 
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of tKis conclusion there h no evidence that the continents have ever 
been covered by deep sea. 

The problem of the origin of the Paciiic hollow Is bound up with 
the larger problem of the restriction of the lightest rocks of the earth 
to the continental seaors. 'I'hc earth is built up of a series of 
concentric shclb decreasing in density towards tlie surface, llie 
shells are continuous with the exception of the outermost and lightest 
one, the continental crust, and why this is discontinuous and absent 
from the deep oceans b one of the great unsolved problems of 
geology. One line of thought relates the matter to the theorj' that 
the moon was once part of the earth, and it has been suggested 
that the Pacific depre$sion is the scar marking the place where the 
moon material came off. That this is no simple conception will 
be realized w'hen it is remembered that the volume of the moon 
is thirty times that of the Pacific. The idea may be entertained 
in the following form. We may imagine the earth after birth from 
ibe sun to have developed a continuous outer shell of light rock, 
'I'hen as a result of tidal action the mCM^n mass was tom from the outer 
and less dense shells of the earth, taking the greater part of the lightcsi 
shell with it. The specific gravity of the moon is 3-34^ that of the 
earth 5-52. If any such event ever took place it ivas at the beginning 
of geological time. With this cataclysm one may imagine that the 
continental slab left behind broke up inio its present fragments, 
which drifted towards the main Pacific 'scar* to their present posi¬ 
tions. According to another theory this fragmentation and separa¬ 
tion by drift has l>cen going on through geological times and is 
perhaps still in progress. But all this is speculation. 

The Botders of the Basin 

At the borders of the Pacific basin Conditions are differcrit and 
exceedingly complex. Here in the north and west are the arcuate 
lines of islands and fore-deeps, the zone of great volcanic and earth¬ 
quake activity and of uplift— the circuna-Pacific belt where the eaith^a 
crust is alive. The curved lines of islands, dt?cp$, and volcanoes 
appear to mark the uutcrop on the world sphere of several planes 
vvhich dip aw^ay from the ocean and along which differential move¬ 
ment is going on. FSg^ 12 illustrates this conception. Determina¬ 
tions of the force of grsrity indicate that at the deeps the earth's 
Crust is being dragged or pushed down. The belt is one in ivhich 
tangential compressive forces are in operation. One explanation 
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is based on the hypothesis of a cooling and conimcting inntr earth 
with the coiisequent growth of crustal compressive stresses in the 
outer layer, which find relief where the Pacific floor abuts against 
the wealier continental crust. The situation in the Pacific ocean 
regions outside the basin in past geological times is obscure. The 
extra-basin lines of blands contain coniinental rocks and appear 
to be the remnants of old mountain chains. The islands were 
larger in ihe past and were probably joined as long tracts of land 
but for the reasons given above the conception of contEnuoiia land 
between the islands and the cominents where now are wide stretches 
of deep sea must be regarded tvdh reserve. 

All along the margins of New' Guinea there is evidence of great 
earth movcnicnts, which were probably initiated in late Miocene 
time after the foundering of the land in the early Tertiary and reached 
their maximum in ihe Pliocene or early Pleisloccne, These move¬ 
ments wtfre probably responsible for the appearance of New Britain 
3s a distinct inland, and possibly for the formation of Muma (Wood¬ 
lark) which has raised coral limestone platforms 200 ft. high along 
its north coast. In the New Guinea area and among the island 
arcs which curt'c south-eastwards from it, earth movcmcnls con¬ 
tinued throughout the Pleistocene and into the 'recent' period of 
geological time; active sinking still continues along the south coast 
of New Guinea. As evidence of an uplift of land Several platforms 
of coral limestone^ which reach a maximum height of 1^500 ft*^ are 
found along the south-east coast of New^ Britain. Misima island 
has been affected by five distinct elevations within the Pleistocene 
and recent periods. Here five coral limestone terraces can be traced 
in an ascending scries ai internals of roughly zoo ft. Fhe flat portions 
of the terraces carr>' thin layers of sand with the remains of a recent 
marine fauna. Choiseu] in the Solomons has limestone terraces 
at heights of 400, 800, and 1,200 ft. Smaller islands in this region, 
such as the Trobriand, Laughlan and Conflict islands have volcanic 
rocks or sediments of the TeitUry period which have been eroded 
and are capped by raised coral limestone reefs which were formed in 
Pleistocene times. As in other parts of the Facific» these raised coral 
limestones arc of fundamental importance in providing good sail 
for native agriculture. If the raised coral is mterbedded with 
volcanic material (or has a thin veneer of volcanic formations as in 
the Duke of York islands, where the tw'o formations form a terrace 
varying in height from 50 to 60 ft.), it provides a very fertile soil, 
'Phis is also I rue of the soil weathered from low shore lerniccs 
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resulting from changes in sea level* That elevation of part* of the 
inlands still continues is shown by a datum mark on Treasury 
(Solomon islands)^ which reveals a rise of a foot in the period 
iSSa-jgja. 

Cjianoes ts Sea-Leveb 

After a fall of sea-level, raised shores remain to mark its former 
positipn, which can be determined from them with comiderable 
precision. With a rise of sea-level estimates of the former position 
can be made (albeit w'ith less precision) from the depths of submerged 
shore platforms and drowned river valleys. In interpreting such 
evidence, there is, however* the complication that similar results 
are produced by vertical displacement of the earth's crust, with no 
change in sea-leveL *4s the oceans are inter-commimicating the 
effects of sea-kvel changes are world-wide^ whereas movements 
of the crust are local — -upwards in one region, downwards in another. 
The crust has been continuously undergoing differential displace¬ 
ment through geological time — at certain periods relatively rapidly-^ 
and it is quite imposi^ible to discover wliat changes of sca-lcvel have 
occurred in past geological ages. This especially applies to the 
Pacific region, in which earth movement has been particularly 
active in Tertiary times. It is only for the genlDgically most recent 
period* from the beginning of the Ice Age to the present day, 
that unambiguous evidence can be obtained of changes in 
sea-level. These changes have left their mark over all the earth, 
as in most areas they have been more rapid than the slow crustal 
movements. 

Old shore levels are found at from 50 to too ft., while a former 
shore now at 15 to to ft. can be recognised on many coasts the 
world over — it is, for example, well marked in Samoa, where it is 
seen as a flat belt of coral debris partly covered by lava Rows* and 
in Norfolk island. This lower raised shore is the best preserved 
and last to be found of the shore levels indicating a fall of sea-levek 
'rerraecs are found at lower levels than 15 ft.j and indicate halts 
in the gradual fall of the sea to its present level. 

In Rurutu in the Austral islands, deposits of coral debris and 
sand lie from 6 to 8 ft. and limestone shelves from i to z ft, above 
high water mark. In Rapa, in the same region, the limestone shelf 
along the shore lies at a height of 3 ft, above sea-level. There are 
similar shelves of coral limestone at heights of 2 ft- in Napuka 
I'l uamotii archipelago) and Tapuaemanu (Society islands); and at 
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5-6 ft. above high water in Viti Levu (Fiji), 'Eua (Tonga—Fig, 15), 
Moorea and Borabora (Society islanda). On Tahiti these shelves 
take the form of low detrituS'Covered flats, formerly coral reefs, 
which lie a few feet above high water mark, and may be from i to 
1,000 yd, wide. The emerged shore flats of Borabora are similar 
and vary in width from a few feet to more than 200 yd. Here, as 
elsewhere, the spreads of coral debris fiagments and disintegrated 
volcanic material provide a rich loamy soil. In Yap the benches 
with their cover of marine sand are from 3 to 6 ft. high. Plate 8 
shows five levels of erosion in Vatu Lcic, Fiji. 

Uplifts of the land, as distinct from changes in sea-level, produce 
high terraces of emerged Littoral sediments around the coasts. This 
has been noticed in Oahu (p. 50), and is a feature of other Hawaiian 
islands, Elevated wave-cut platforms covered with volcanic and 
coral limestone boulders occur at 15 ft. in Rauai (Plate 9), and at 
ioo ft. in Wtihau, where the platform continues mland to the base 
of the denuded volcanic dome at the centre of the island, and forms 
a flat plain broken by volcanic or sedimentary knolls which 
were previously islands. As an example of a fell in sca-Icvd 
there is an additional series of low benches along the shore of 
Niihau. 

The world-wide existence of submerged banks which clearly 
represent one-time land surfaces demonstrates a former sca-level 
about 300 ft. below the present one. 

It is not imagined that these changes in sea-level have been due, 
to any apprccbblc extent, to changes in the capaddes of the >^an 
basins or to losses and gains in the amount of world surface water. 
They can reasonably be ascribed to abstraction and addition of ocean 
water by transference to and from the land areas, with formation 
and melting of glaciers during the cold glacial and warm inter¬ 
glacial epochs respectively. It is estimated that melting away of 
the present glaciers of the world would result in a rise of sea-level 
of 150 ft., whilst at the time of maximum glaciation the sea-level 
was 300 ft. lower tlian at present. This latter estimate tallies with 
the position of sea-level deduced from the drowned shores, I'he 
old shore-level of 50 to 100 ft. may be ascribed to some'inter-glacial 
period when there was less ice on the lands and more water in the sea 
than at present. The most recent change of level, a fall of ) j to 20 ft,, 
may perhaps be due to the refrigeration of the climate and growth of 
glaciers which set in after the 'post-glacial optimum' about 4 000 
years ago. 




Plate Five levels nf erosionn ^'atu Fiji 
This plate iliows the prop^-ssive undercutting of a limestone 
cliff as the land has risen nrlatis'c ic^ the level of the sea. 




Plate g. Cliffs, northern Knual 
*lTie clil^ have been cut into the ctn^rgetl wuve-cut plaTfoim^. 
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ACTI\^ AXD EXTIXCT VOLCANOES 

The boundary of the Pacific \& commonly spoken of as a *ring of 
fire", and a map sbovv^Lng the distribution of the volcanoes which 
have been active in historic times dcrtionstrates this ring (Fig. 8), 
Comparison with Pig. 2 shows that the andesite line or border of 
the Pacific basin where it departs from the ocean border is abo a 
^one of act;v;tJ^ Within the basin most of the volcanoes have long 
been cjctinct. Since the entry of Europeans into the Pacific area 
activity has occurred in the Hawaiian islands, the Marianas, Samoa, 
New Guinea, the Solomons, the New Hebrides, Tonga, and the 
Galapagos. Submarine eruptions have been reported from the 
neighbourhood of Juan Fertiande2, from between Laysan and Kauai 
(Haw'aiian islands), and from !at, 7^ 50' s, long. 8j° 30^ w (see list 
ori p, 29 for details of eruptions). The HawaiJan Volcano Research 
Association was founded in 1911 for the study of volcanoes in and 
around the Pacific. There is a research laboratory in flawaii 
National Park, and under ihe auspices of the Unlveraity of Haivaii 
an illustrated quarterly publication^ The Folcam Leitert i$ issued, 
it deals with volcanos and other related topics in a manner intel¬ 
ligible to the la^Tnan. (For details of the Observatory on the edge 
of Kilauea crater, Havvaii^ voL II, p. 303,) It is estimated that 
since the fifteenth century about z.z cubic miles of lava, besides 
great amounts of ash and other fragmental deposits, have been 
extruded in the Pacific basin. This production for $0 great area 
is insignificant, and it is small compared with that of the boundary 
zonesp From 1895 to 1913, 90% of the explosive eruptions of the 
Pacific area were in the border region (i.c-, eruptions other than lava 
fiqvvst or lava flows \vith ash deposition). Since A.D* 1500, as showm 
by a census made by workers at the KJIauea Ob&ert^atory, 57 major 
volcanoes of the world have erupted 98 times and igo,ooo people 
have lost their lives as a results Casualties in the whole Pacific 
area have been less than in the more densely peopled East and West 
Indies, in the Indo-Atlantic half of the world there are approxi¬ 
mately 94 active volcanoes, but for the Pacific half the figure is 33G. 

A comparison of Figs. 6 and 8 reveals that the frequency of 
volcanoes Is often greatest in the neighbourhood of the ocean deeps. 
This is true» for example, In Japan and along the Andean coast of 
South America* In the andesite ^rone a south-west (o north-east 
line of volc^oes w ith its terminal points at Ruapehu (Nov Zealand) 
and Fonuaki (Tonga) lies to the west of the Kcimadec-Tunga deep* 
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The Tonga deep bends notth-westward as il points toward Suva, 
and the line of volcanoes which includes Niuafo'ou (Tonga) bends 
with it. The list of volcanic eruptions includes records from the 
Marianas. These islands are the summits of a submarine ridge with 
a basement of andesite and quam-trachyte, and here again 3 trench 
more than 3,281 fathoms deep lies against the convex eastern side 
of the ridge. 

The New Guinea area has already been cited as one in which great 
earth movements have occurred relatively recently. Five lines 
of volcanoes, each associated with fractures in the earth’s crosl, have 
been identified here. The first line includes the Schouten islands 
The second reaches through the yands lying off the north coast 
of New Guinea and includes Manam, Karkr, Bagabag, the Crown 
and Long alands, Umboi and Tangi (New Britain). Branching 
off the second arc lies the third line running from Tolokiwa through 
Sakar, the Ritter blands, Talawe (New Britain), Langila and Bula 
to the extinct volcano mount Schrader. The fourth has been called 
the Vitu alinemcnt, and the fifth branches off from New Ireland into 
the Solomons and New Hebrides. In northern New Britain a 
line which includes several of the active volcanoes listed on p. 30 
is to be found in the Willaumez peninsula and around Kimbe bay 
It terminates in the cast in Ulawun. 

The individual volcanoes, active and extinct, are described in the 
detailed accounts of the islands in vols. Il-lV. Even where aclivity 
hM been long extinct and erosive forces have attacked the volcanic 
piles, the sites of cones and crater hollows can usually be deciphered 
from the remnants. A striking feature is the great number of 
calderas—or abnormally large craters, several miles in diameter- 
some occupied by lakes, others at sca-ievel breached to form charac- 
termic circular bays (Plate 10). It used to he thought that these 
calderas had been formed by colossal explosions whereby the tops 
of large cones had been blown right away. (In 1937 publicitv was 
given to a seaman’s yam that the peak of Krakatau was blown for 
8qo miles m the great eruption of 1883. to form an island in the 
Indian ocean where it fell,) Further studv. and especially the evid¬ 
ence provided by the formation in 1883 of a caldera at Krakatau 
makes it more likely that these huge craters were formed by sub¬ 
sidence, '\ith a great eruption, rock is ’cored’ from the walla of 
the volcanic chimney by the friction of the escaping material shot 
out from liencath. Expulsion of liquid from the siibtermnean 
resert'oir leaves a cavity, and the centra! part of ihc cone collapse. 
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into this and into the enlarged chimney, Sut^equently with renewed 
activity new cones may arise on the caldera floor (Fig. 9). The 
dying stages of activity in individual volcanoes, as represented by 
hot springs^ geysers, tailing mud and ore well represented 

in the Pacific, notably in Hawaii and in the north-east of New 



Kig. 9. The fomMliaD of a caldera 

A bjrpotbetical recoiutnicdon Bbowiiig tbc ptogienive cKpuUion of the 
nwgmn (bladt) as udi, with oMtcotiiiuat widening of ibe volcanic pipe 
(C, D 4Uid E), and the final ooIlapM with later extrusion of lava on the caldera 
floor (F). Based on Van Bemmelen, flirt Calctera fVoWnn, p. at fBatavia, 
i9a9)* 


Guinea. Pkte 12 shows a steam-blast e:rupuon in Hawaii in 1924, 
and Plate 14 the lava spatter resulting from an eruption in 1923, 
Most of the islands of the Pacific basin were formed in Tertiary 
limes. The Haw'aibn islands arc largely built up of fluid la^m 
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x^hJch \ve!l up from ihc crutcfs 'shield' volcsno scdvity, PIric 11)» 

whilst fragmental products predominate in the islands of the south¬ 
west Pacific. {ForpoAoeftoe(smooth)and aa (rough) lavas in Hawaii 
SCO Plates 13, 15. and vol. H. p. 304 and Plate 61.) The birth of a 
volcanic island has been witnessed in recent times in the formation of 
Fonuafo'ou (Falcon island), Tonga, and its history is that of a swaying 
struggle between the forces of volcanic accumulation and marine 
destruction. Bogosbf island (Aleutians), which seems to have 
appeared about 1768, has a similar history. In 1865 H.M.S, Falcon 
reported a shoal. H,M.S. 5 <i;>;>Ao reported smoke issuing from this 
shoal m 1S77. In 1889 there was an island i ^ miles long and i mile 
wide and 153 fr. high. This was reduced to a shoal by t8o8 and 
was a submanne bank in 19,3. In 1937 the volcano again erupted 
and an island was formed, 300 ft. high and 3 miles in circumference. 
In November 194a, it was only 20 to 30 ft. high, h was composed 
of cinders and loose volcanic ash. No growing coral has been found 
on Falcon island at any stage in its history. (For a more detailed 
account see '.“j- HT. PP- 24^8.) Falcon island may be regarded as 
at stage r of island formation in the South Seas. Extinction of 
volranic activity may be followed by the formation of a submarine 
bank si age x. If a t this point subsidence occu rs, submarine deposits 
will accumulate on the bank-stage 3. If the bank is below the 
depth of reef-budding corals, foraminifera and aJgaj will be the 
important limestone builders until a level is attained at which corals 
can live and ^ atoll may be formed. With uplift a limestone island 

stage -4—result. (*Eua. in the Tonga group, w hich ban example 
of stage 4. IS described in vol. Ill, pp, 18-21.) ^ 

Where upheaval and volcanic action occur together, major changes 

S.1ISL” -sn. i« .Imbrin. (NW 

Hebndea), iKe cOBtliiis shifted w a di,,™, of ^ 

«h»|c CMMal region ».« uplifted .eeeral feel, Compeimtini. 

a "" The TOle.™»l 

involved were mounts Benbow and Marum. 


Volcanic Activity Recorued swci; the 
Sixteenth Century 

The fo^wing Tabic gives a list of known outbreaks from 




Plait 12, 8itHm hljisi cmplinn, I Inltiniiumwii Plntc 13, *(Vw.'h ni ln\n 

This phciro^mph wiin taken uhitui 0^(30 hr., 2i Miiy TU\^ Ihvji wuk iTiipteil in lyjy on fn llie 

Hi)34. Nuiu the ternlL'fit^' to\var^i3 it spiral tarlex in rujriii Ik^rji' of Kihiiti-Mi cniterK Matvaii- 

the darit^ eleclricany clisir^ed clfiuU aLh^vc. 




Vhtc 14. Lava lipsHtcr, Hawaii 

"Ihx after-tffcct^ of an crupiion on 35 AtiL^ust 11321, wesi df Maltanpuh]. Th^ 
bn'ii spaLtvr is swi;t!ii in. tbir ifecs. htrc is a of sulphnr alrni^ lUc flow-trnitk 

in iliL" fonust. 



. , ^ ^ Hi^k" 15, fvpical piifmrfwt surface 

iu»iLUl4f v^hldl rnrni* nipiJly, j, „mklcd nhJ ccmtoru^j. 


The shin 
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ytian Ftmdmhz Area 

Submarine outbreakii are a& follows: 

I* One mile off Punca B^icalao (1835), 

2* After a seaquake several islands formed at 34 ^ 49 ^ * 

at 33* 40's, 76® 49' w; and at 33^^ ao' a, 78^ 20* w (1839). 

3. After a seaquake in 34* 55^ a, 77°^ j8' dead lisb came tL"^ the 

surfaec and the sea ^^'ater was obseo'ed to be of milky colour ^1867)* 

Galdp{3gos 

1. On Pemandina four volcanoes were active in rSi3# 

In 1814, La\'a flows were observed in 18^5, Eruptions were 
recorded in 1928, and in the south of the isbnd in t 937 - 

2. On Isabeb actUity \%'as observed in 1797P iSoo, 1813^ 1835, 
and 1844, In April, 19251 lava flowed into the sea on the 
northern coast. There was an enipdon south of cape Berkeley 
in i9£3. 

3. On Floreana there were eruptions in 1S13 in the centre and in 
i S97 in the south of the island. 

4. On Ban Salvador there was activity in 1899. 

5. An isolated submarine outbreak has occurred in 83® ao" w, 
7 " 3 ^* 

Hafi mim Islands 

1. flaleakala (Maui) last erupted about 1750. 

2. Huaklai (Hau-aii) last erupted in t8oo-i. 

3. Mauoa X^a last erupted in 1943* ?tnd erupts on an average even' 
4% years. 

4. Kilauea is ^mo$t continuously eruptive. 

Submarine outbreaks: 

1- Liquid rock (magma) withdrawing from Kilauea in 1&68 
appeared on the ocean floor. 

2. In 1877 there was an eruption in Kealakckua bay due west of the 
summit of Mauna IXFa. 

3. In iSSo there was a pumice outbreak off the north-east coast of 
Hawaii. 

4. In 1906 what was probably a pumice outbreak occurred between 

Laysan and Kaiiai^ . 

^ H In 1850 an isolated submarine outbreak was recorded in 20* 3^ 
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^hitiatmy 

lihites of miptiuns here iurc aii fullon-s : 

1. Uracas (Faralbn de Pajaios.) in 1865, 1875, 1901 and 1912, 

2. Guguan in igoi. 

3. Pagan in 1922, 

4. Asuncion island in 1906. 

5. In 1846 a great floating pumice area, pogi^ibly from the Marianas, 
appeared in i6‘ n, 125" e. 

Islands itff tftf Norrh-tasi Coast 0/ Nfte Gmtifa 

Eruptions have been recorded in the Schouten islands at; 

T, Blupblup (Gamot) tn 1616. 

а, Kadovar (filossevilJe) in t6t6 and 1700. 

3. Bam (Lesson) in t6i6, 1909 and 1919. 

Other eruptions in the ielands off New Guinea were: 

1. Manam in 1616, 1643, 1845, 1877, 18S7, 1SS9, 1895, 1902, 1910, 
1917, 1919, 1921, 1936, and 1937, 

2. Kaikar in 1643 and 1895. 

3. The eruptions in the south-east of New Guinea are little known, 
but there are indications of recent activity in the areas around 
mounts Victory and Trafalgar. 

4. The Ritter islands in l>ampier strait had eruptions In itcso itqi 

1887 and t8S8. ' 

North Cffost of Neto jSrrVtriif 

1. Tangi and Talawc were active shortly before 1S90. 

2. Pago (Bango) was active between 1900 and 1910, and in 1912. 

3. Langila was active between 1900 and 1910. 

4. In the Willaumcz pcninsida mount Banda erupted about 1910 
and Bula is semi-active. 

5. Ulawun (The Father) erupted in 1770, 1912, 1915 and 1937, 

б, Bamus(The South Son) was active in 1899 and 19(2. 

7. In liolohau island (Namisko) there was an eruption in 1903, 

8. TavimTjr (Matupi) erupted in 1767, 1791, 1878. 1937 and 1941. 

9. At Sulphur creek there was activity about 1850. 

10. A submarine outbreak occurred off Rabaul, in Blanche bay in 
1878. Volcano island was formed then. In 1937 there was a 
Knous etupdon off the Rabaul area, coinciding with that of 
Matupt, which lies on the south-east side of Blanche bay. 
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Solomon hlonds 

1. On Bougainville isbiid^ Ikgana L^rtjpied in 1874, a few years 
before 1:900, in igoS and in 1938. 

2. Mendana reported an eruption on Savo In 156SP and later ones 
occurred in 1820 and [850. 

Santa Crus — Nm- Hebrides 

Eruptions have been reported as follows l 

j* Tinakula in 1595, 17&71 1797^ 1869, 1871 p t886 and 1909^ 

2. Vanua I^va in 1856 and ]86u 

3^ Mounts Benbpw and Mamm (Anibrim) in 1863^ 18614, tSytp 
iSSSp 1894^ 1908^ 1912, 1913, 1929 and 1937. 

4, Lopc\Tp in 18651 1864, 1884, and several times since then, the 

latest being in 1939. 

5, Yasur (Tana) is almost concinuously activen 

6, Hunter {Feam) island in 1841^ 1895 and 1903^ 

Submarine outbreaks t 

t. Bctiveen Epi and Tongoa 5 n JS97 and 1901. 

2. Beiwecfi Traitor’s Head (Eromanga) and High rock in 1881. 

Samoa 

t« In Savai'i there was a lava flow in the north-west in 1700. Two 
new parasitic cones were formed 10 the north of Maunga Ad 
in 1760. In 1902 a second crater formed in the west. 

2. At Matavanu activity lasted from 1905 to 1911 (Plate 16), 

3, There was a submarine outbreak in 1866 near Olosenga in 
h"" 13's, 169'' 34' w. 

Tonga Area 

Eruptions have been recorded as folloivs: 

1. Niimfo'ou about 1814^ in 1855, 1867, 1886, 1887, 1912, 1923, 
1929, 1935 and 1943. 

2. Fonualeiin 1791* 1847, 1897, 1937. 193S, 1939. 

3. Late island in 1790 and 1854. 

4. Metis shoal was formed in 1S58. In 1S7S it was an islet tioft^ 
high. It was still active in 1886, but it was 2 fathoms below 
sea-level in 189S* 

S* Tofua in 1774, 1792, 1854, 1900 and 19C56P 

6, Falcon island (Fonuafo'Dii) was last reported to be in eruption 
in 1936. 
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Subimrint!; outbre^ in this 3 xta occurred ^ 

T* In tS74, between Ha^apai and Tongarapu, 

2. in 1907^ In 2t* 27's* 175'^ 47" w. 

3. In 1911, in 20^ 50" s. 175'' 33/ vv. 

4. In I9i2p tw'Q milc$ south-east of Hunga Ha'apai. 

5. In 1928, a pumice emption in 25's, 176^ 09' \v, 

6. In 1932, thirty miles south-west of the ^vest end of Tongatapu. 
7* In 1939, about one mile south-east of Niuafo'ou. 

Kfrmadec Area 

1. An kUrid arose in Denham bay in 1870-72, and disapp^ed in 
1877. There was an outbreat in the centnd crater in 1872, 

2. Curtis island had an etuption in 1S99. 

Submarine outbreaks occurred in the area: 

1. In 1825* in 30"^ 14^ S, 17S® 55" w. 

2. In 1870, near Raoul island, in 29® 14's, iTy"" 55" W. 

3. In iSS6^ in 29® 11' 177° 52" w. 

EARTHQUAKES 

An earthquake is a shaking of the ground and in comparatively rare 
instances h associated with a permanent dispbeement of a few feet. 
The movement ia in a vertical or horbontal direction or both. The 
place beneath the surface where the shock originates is called the 
focus, and the position at the surface vertically above this k the epi¬ 
centre, According to depth of focus earthquakes are classified as i 
Normal—focus less than 40 miles down (commonly 6 to lO 
milts). 

Intermediate—focus from 40 to 150 miles dmvn. 

Deep—focus from 150 to 450 miles dow-n, 
rig. 10 shows the distribution of the Pacific regions which arc 
capecblly subject to earthquakeSp The main feature is a belt almost 
compLcteLy encircling the Pacific basin with an arm running from 
southern Chile to Easier island, and then 2,600 miles to the 
south-west. At its nearest point this arm i$ separated from the 
western part of the belt by 1,800 miles. All the great deeps occur 
within the belt. 

The great majority of Pacific earthquakes have foci at normal 
depth. Some are definitely related to volcanie activity and give 
evidence of movement of rock liquid within the crust. Others are 
due to sudden displacements along fractures in the solid crust; 
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intermediate and deep ones are probably all of this ty pe+ The 
quakes of the Hawaiian islands are chiefly due to volcanic activity^ 
Those occurring in 19^9 In the area, around the volcano of Hualala, 
are thought to have resulted frorn movement of magma (molten rock) 


FJg* Earthquake belts of the Paohe ocem 

The areas of occtirrenoe of caithquskea arc shaded according to frequency# 
This map may be compared with Fig. Based on, N.-H,. Heck| MsrihquskeSf 
p. 110 (PtinDcton and Lemdon, 


which passed into Hualalai from beneath Mauna Loa (voL 1 I| 
p. 302). There have, however, been strong shocks^ notably in 1868 
and in 1929^ which may have been of deeper origin# To cite an 
example of permanent displacement, destructive shocks occurred 
in the vicinity of Kapjohoi the east point of the island of Hawaii 
tn 1924^ A block of land subsided by amounts of up to au& much 
as 11 ft, I and a new lagoon 100 yd. across was formed with coconut 
palms standing in S ft. of water. In the northern Pacific belt where 
horhtontal displacements have taken place (in California, Japan and 
the Philippines)^ the continental sides have moved southwards 

3. 
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relatively to the Pacific $idc, but more observations are needed 
before this can be regarded as a mle* 

Special interest attaches to the deep earthquakes. Apart from the 
East Indies they are known only in the circiim-Padfic area. The 
foci of all earthquakes deeper than 200 mili^ occur dose to and on 
the continental side of the boundary of the ocean, although the 
almcToent of the epicentres is not everywhere strictly parallel to 
the boundary, as may be seen from Fig, ii. A detailed study of 
the evidence leads to the conception (illiistmed in Fig* tz) that the 
continental part of the Crust b riding up over the oceanicp and the 
oceanic b thrusting under the continental along great fracture planes 
inclined away from the ocean at an angle of about and extcnditig 
to depths of hundreds of miles. Volcanoes are commonly found 
where the fracture is at a depth of about 6o miles, whilst normal 



FJg. i2_ EHstribution of earthquake foci along an eiut^to-weat section through 

Japan 

The line A Indicaics the lange qf depths of ncrrmi earthquakes. The oblique 
line drawn from the same point repiesejita a groat fracttirt-plane in the 
earth's Cmst; the continental part of the crust (west of the plane) is riding 
up over the oceaniic part (eaat of the plane). TTus earth moi'erncnt gives rise 
to earthquakes with foci situated on this plane. Based on John Milne, 
Earfhqtta/m and oth^ Earth p. 179 (new edidon by A. W. Lee, 

London, 1939). 

earthquakes with shallow foci occur where the fracture approaches 
the surface* Fig. 13 ghow^s the aUnement of the volcanic rifts of 
Japan, 

Using very sensitive ^tiltmeters" it has been show n in Japan that 
volcanic eruptions and earthquakes are preceded for years by tilting 
of the ground, but the time and precise location of coming shock 
cannot be predicted. There b no doubt that there will be great 
earthquakes mund the Pacific during each coining year. There is 
no day without small shocks. There need not be any e:ioc^ve 
damage^ for earthquake-resistant structures can be built at a cost 
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not much exceeding ihat of O'rdinary buildings, works of con¬ 
struction in the circum-Pacific belt should be made earth<juakc-proof. 



Ftg. 13, The volcanic rifti of Japan 

The heavy indicate the posttiooa of volcnnie rifb and thiHr eonvenrenc* 

in the htahlmids of Honshu. Based on The Vot(a/m Lcitrr, oj^ai 

p. 14 (HaXTauen Volcano Observatory, Nauonal Parle, Hawaii, 1931). 


Seismic Sea Waves 

Earthquakes accompanied by venical dieplacement of the sea bottom 
give nse to &ea trove* which can be detected ovefthe whole Pacific 
and may cause disaaters when they reach shelving shores and flood 























MnmvanLi, S%ai'ai*i 

espJarHtiJn folio^vtd thtf fall «f lavp into tSle S^a. 



Pfi^tr 17. rht* iru^tirtn fatft r>r ^^|anuaTV%'a 
Taken ihruu^h a i^ap in ihr nurmw rnstem barrier reef. 'Phe peak in 
iR an^i? fcfi rnnimt Huff, llie i^np In the reef is L-hi>ked vti rh mfn3 sanij wa.^hetJ 

m fmm The Xa^^iytm. 






PliJtc |N. ThtTivrcck of thv CJ^miari Uijnihip Adler 
This ahr>vvs tint of the three wari^hip^ ^vhich, wkh rhrec American wflrvhin^ 

were dnven flshore at Apia in iRgg during o viokni humame. 



***^^*= WfLcloigc in ihd Wailoj] cm-k. Milrj 
I hiFi photograph was taken on j Fcbrtian tost. A lumml Uml . .i 

«'Sr ’'h '7’ ■'!. .arthHUflki- Smnnan* w^tv ,hr««n^.vL.r‘'rh" 

fniJwBv bntli*c ui »linion, which was dcstrO’k^d 



EARTHQUAKES 


37 

low coRstal lantb. Ihcsc seistnic sea waves or tuwmi (from 
Japanese tu^ a port, and noffii, a long wave) have been catted tida! 
waves for so long a time that the term will probably persist in every¬ 
day English despite the fact that such wm'es. which may also result 
from submarine volcanic eruptions, landslips, and cyclones^ are in 
no way related to the tides, fheir effects on shipping may be as 
disastrous as tho^ produced by hurricants (Plates i8, 19}. 

In the neighbourhood of the epicentre the effect may be such rhat 
the navigator thinks that he has struck a rock. Loose objects may 
be overrumed, bolts and rivets started^ and even masts broken. 
Although the vessel may not be directly over the epicentre the vibra¬ 
tions appear to come from directly underneath. Despite Sts slight 
compressibilit)^ a mass of water responds as an dastjc body to the 
short-period oscillations of submarine earthquakes^ and the vibra¬ 
tions travel towards the sea surface with a velocity equal to that of 
sounds Such experiences have given rise to the insertion on old 
charts of some of the numerous shoals and reefs which modem 
research has shovm to be non-existent. TTie elastic waves may cause 
fatal damage to the air bladders of fish. Generally fish are caught 
only wdth great difficulty a few' days before a great seaquake: perhaps 
they are sensible to the iveak fore-shocks which precede great earth¬ 
quakes. Some kinds of fish on being frighicncd by a shock swim 
about in great shoals apparently looking for a place of safety; other 
Linds migrate to centres of seismic activitVi seemingly altracted to 
such places. 

It is the transverse sea waves which may be so formidable. In 
the open sea they are unnoticeablc, being about 100 miles from crest 
to crest and only a few feet in height. In shallow water the amplitude 
increases. Strong emrents may be set up which mystify the navi¬ 
gator. This may happen even with a comparatively small tunami 
on approaching the land, especially if there are narrow channels 
in the direction of its progress. The greatest wave heights are 
experienced at shelring shores and particularly at the heads of 
V-shaped bays. The advent of a large tunami is commonly (though 
not always) heralded by a slotv withdrawal of the water, followed by 
an advancing wall—the most spectaciibr and appalling of all earth¬ 
quake phenomena. There may be a series of waves and a later one 
may be mote destructive than the first. In 1S96 an earthquake 
Avith its epicentre at 4,600 fathoms m the Tuscarora deep caused a 
tunami which swept the coast lands of Sanriku, Japan^ reaching a 
height of 100 ft. About 2,700 people were killed, and hundreds 
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of vessels of various kinds were left lining the foothills. The danger 
to the populations of low coral islands is great. A European in the 
Fiji group in May 1S77, for instance, recorded 'a terrible wave which 
swept away thousands of the inhabitants of the atoll islands'. 

Tunanii arriving from great distances may be unnoticed ashore 
but be marked on the record of the automatic tide gauge. Tunami 
originating off the coasts of Chile, Japan, and the Aleutians have 
damaged craft in the harbour of Hilo. Hawaii (Plate 19}. When 
a distant earthquake is recorded on the seismograph on Hawaii and 
there is a possibility that it was a submarine shock, warnings are 
issued to the harbour master From the lime elapsing between the 
arrival of the primary and secondary earth wavtis the distanoe away 
of the epicentre can be determined, and, kno^ving the velocity of 
the sea waves, which in the Pacific is about 450 miles per hour, the 
time of arrival can be predicted. As this is not for some hours 
after the earth shake from a great distance there is ample time to 
take precautions. Tw'o examples may be cited. 

On 3 October 1931, a distant earthquake was recorded at Hawaii. 
The serandary earth wave arrived 7i minutes after the primary one 
and this interval was found from tables to indicate an epicentre 
3,^ miles away. From the direction of the disturbance of the 
seismograph pendulums the epicentre was deduced to lie either 
to the north-east or the south-west. If to the north-east it would 
have been in North America and therefore there would be no water 
wave. If to the south-west, it would have been off New Caledonia. 
But aa there are many island chains in that direction it was decided 
that the wave would probably be damped out by the shielding action 
of the isbnds, and no warning was given. This was justified by th - 
events. At the expected time the water in Hilo bay began to rise 
and fail half a foot every 15 minutes, and continued to oscillate 
with slowly decreasmg amplitude for two days. Subsequent reports 
reveled that the earthquake had occurred in the neighbourhood 
of the Solomon islands. Some tunami last for a few hours and the 
long coot nuance of others may be due to reflection from coasts 
near the epicentre, or waves may be broken up into many small onej 
by passing through groups of islands. Also, Urge bodies of w-ater in 
baj-B will vibrate in their natural periods ('leu/ie' oscillations) lone 
after being disturbed* ■ * 

On 2 March 1933, a strojig earthquate was recorded on Hawaii 
indicating an epicentre 3.950 mUes away. Warnings were issued 
of a wave to be expected in 8* hours. The sampan fleet was moved 
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Out to harbour anchorages, and stores were removed from wharves. 
The wave, which originated in the Tuscarora deep, arrived ^vithin 
6 minutes of the predicted time. It had a range of 17 J ft. in a 
series of ten-mmute interval swings. Wide tracts of the sea bottom 
were bared and much damage resulted from the flooding of houses. 

Submarine earthquakes have broken telegraph cables. In iSSSi 
three cables connecting Australia with Java fractured sbuultaneously, 
and in the supposition that this sudden isolation indicated an act 
of war the Australian naval and military rescu es were called out. 

CORAL REEFS 

The Pacific islands—often dassifled into two tj'pes, the *high' 
volcanic and the "low* coral—show* a great development of living 
coral reefs (Fig. a), A growing reef is a shaUow-water tropical 
community of lime-secreting organisms, mainly comb with fora* 
minifera and mollusca (animab)i together with nullipores (plants) 
which Latter have an important influence in cementing the whole 
deposit. 1 he red seaweed LitJiothamuium is particularly effective 
in cemenling the outer surf and tvave-batter^ edge of the reef^ 
where it may build a litliotlmmnium ridge' up to a few feet high. 
The upward rate of growth of a vigorous reef b estimated to average 
t| in. a year. 

Reef-building corals do oot grow at lower temperatures than 63 ^F.- 
those which will thrive at a oertain temperature will barely survive 
a fall of only a few degrees. Speed and solidity of growth is greatly 
affected by light; in absence of light th^re b a slowing down of growth 
and Weaker skeletons arc formed^ The animab arc highly specialized 
for getting rid of mud, but rapid sedimentation will kill therm They 
cannot survive long exposure to the air^ and they require WAter of 
normal marine salinity. The mo^t favourable depth for healthy 
coral development is 15 ft*—i.e.;, most vigorous growth takes place 
immediately belotv the disturbed surface watcr^ Growth does not 
occur below' about 200 ft.^ probably because of the lack of light. 
1 he areal distribution of the living reefs b governed by the surface 
temperature of the ocean and they arc not found towards the eastern 
borders, because of the cold sea currents and upwctllng of cold water 
there. 

Three main type® of reef are recog nbed: fringing, barrier^ and 
atoll. (Examples arc shown in section on Fig. I+.) 

/ringing tee/ is a flat esetending outwards from the hlgh-tide 
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Fig. 14. Reef seedana 

E*th 4 eetion (1-6) represents a cjnctss-seccion of an actuii] ^land vith lU 
mf%. The vertical has been eicaggtjrated as foUows t 1—Kgau (Fiji) 
twice; Nuni (Fyi), 3 timee; 3--Funafud (EUicc island*), 3 tim 4 ; 
4— Vava'u cluster {TonBa}, 7 times ; 5—Uvea (Loyalty islandsK 7 titnes; 
6—Kambara (FUt). 3 times. Section i » based on A. Apssiz, ‘Tbe IsloDds 
and Coral Reefs of Fiji', BuHetin 0/ the Muttum of Coft^atke Zoology mi 
Harvard College, vol- XKXtii, plate 13 (Cambndec, Mass., i&w). The 
othets arc based on R. A. Daly, The Chattging World of the lee Age, pp. aat, 
351^ 246^ i4&find 245 (New Haven, 19^5). 

shore-^linc, with some scattered living coral cotonJes, but the region 
of aettve growth and of etetensiona is at the ecaward edge and in the 
bordering shallows. Large blodta of Co ral rock with a thin blackened 
coating of algal growth (formerly colloquially known as 'ni^erheads') 
may be found on the flat. These blocks, which are sometime mis¬ 
taken for volcanic rock, have been tom from the seaward edge and 
carried forward by great waves raised by tropical cyclones or, less 
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cortimonlyp by volcanic eruptions and tunami. The rcefe may be 
over a mile in i^idth but they are commonly narrower* They arc 
well dev eloped in situations facing >i 4 n.ds and currents which bring 
food and clear water ccmdldoas, whereas they are absent at rh’er 
mouths where the falling sediment, diminished illunu nation^ and 
brackish w^ter are inimical to life. The extension of the reef into 
deep water can take place only with the buildiEig up of a talus bank 
to the level at which the corals can live. 

The barrier reef (Plates 17^ 20-2) is a similar flat, 20 to ! jOOO fL 
or more in width, roughly parallel to the shore, and separated from 
it by a lagoon (or *inoat" as Daiwin called it), commonly from | mile 
to 10 miles or more in breadth. The most sinking example, the 
Great Barrier Reef of Australia, is 600 miles long, approximately 
50 miles off-shore, with a lagoon averaging 100 ft. in depth. The 
lagoons of some barrier reefs are so little occupied hy an island or 
I islands that the reefs are known as * ahrLOSt-atot]$\ 

An atoll (Plate 24) is an almost continuous reef, enclosing a flat- 
floored lagoon commonly 30 to too ft* deep, with a maximum depth 
of 300 ft. (Plate 2j). Some atoUs are nearly circular. The out¬ 
ward slopes to deep water are steep, commonly about 40^ — one of 
50” down to 2,000 ft* is known- The atolls are commonly seprated 
by deep water. There are fifty in the Tuarpotu islands with no 
inter-atoll depth less than 3,000 ft. and many exceeding 12,000 ft* 
Atolls may lie on ridges like chimney pot$ on a roof or on flats like 
barnacles. Drowned atoll reefs are known, e.g., the Penguin and 
Alexa banks north of Fiji. Some atolls imy be coral cappings on 
submerged caldera rings ; if so, they are exceptionaL 

Old fringing reefs nqw' above high tide level arc found on many 
islands. Those at elevations up to 15 ft, are common and they 
probably owe their situation to a recent fall of sea-level. Some higher 



Pig. 15. Diagrammatic section, caat side of 'Eua, Tonga 

Thia section 4hows the terraces foimed dunng the period of the fall of $ea 
levcL The figures give the heights of the terrare* in feet al>o%'e ihe present 
leycL Based on J* E. Hoffineiatcr, 'Geology of Eua, Tonga^ Bemiee P. 
Biihtip Museum no* ^4 (Honalulu^ 1932). 
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ones are due to elevadon of islands. On the windward (eastern) 
side of 'Eua U a remarkable series of limestone platforms and cliffs 
at heights of 760, 550, 340, 300 and 100 ft. (Fig. 15). The terraces 
have been cut by manne eroston, but reefs gtcw' at the outward edges 
of the 550 ft, and tower terraces. There is a 300 -ft.-wide reef at 
4 ft. above high tide, and a living fringing reef. On the western 
side of 'Eua at 400 ft. is what appears to be a raised harrier-reef flat 
separated from the higher land by a valley. A stmibr valley on 
hlangala (the Taro flats), however, is believed to have been formed by 
CTOsion of the inner part of a fringing reef after elevation of the 
■aland, hlany raised almost-atoUs and atolls are Itnown, at elevations 
up to 300 ft.—these include the important raised atoll of Nauru. 





Origin of Bakruer and Atoll Reefs 

Charles Darwin considered these reefs to have been developed from 
fringing reefs as a consequence of gradual subsidence. With 
powth of the reef as the sea advances up the island slopes, 
the recession of the shore line, a lagoon is formed between reef 
island. Eventual submergence of the latter resultsin an atoll (Fig 


Tig. 16. Disamm iUustniting theory of the farrastioii of cord 

islands by' iub«fd<^cc 

^ volanic core of an ist^d „ shown in by the shaded a«o. 

^ rtpresent three st^ m the rise of sea.l«ve1 relative to the 
jjland. The accompanying upwj^growth of eorsl is ihnwn bv the uwlwded 
within the bounding lines. The shaded ana F represents (nnaiilt^r 
B reppese^ bomcr rwf; and A the atoU rim. Based on R A^Dalv^L 
Chattgtng U'orid of tht let A^t, p. ^54 {New HavEn, ipjj) ' * ^ 


Evidence of the subsidence of the land behind the barrier reef is 
afforded by drowned river valleys, and further confirmation of sub¬ 
sidence has been sought by making boring® into the reefs If the 
com IS th, Jer than ioo ft. (the only range within which the corals 
can live), this would be evidence of subsidence. A boring into the 


















PlutfS 20, 21. 12. Views in ihe Matiirarcvu ifrouo 
(nuntf, Tncj an, *«n chrDtjf:h a (rap m the v^tMtcm barrit^r n?cf. PkiH 2. fmidaiet 

Mow;; luTcNtTfi'^na 





PIuIl 23, A Sfrlinfi iif bciach, Mimgairvn 

J Ills view sh^^vs the lini: df cfcniarcatton lyqtwccrn the outer rtef ftiil uiid the erinleJ fjit’e nf tlir -old hnd line -it 
the ijf a dam af Icwae t?urjt nihbicr 
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Funafuti atoli reef showed a thickn^ of i|i H ft* of coral limcstonep 
while a boring into the lagoon floor showed ftn^in both 
no base to the com] rock was reached. It is considered that the 
lower part of the rock passed through in the deeper boring is probably 
coral uluSi which accumulates on the sea^^'ard side of atolls. This 
leavs the evidence of subsidence inconclusive, although the presence 
of shallow-water fossik in position of growth in the talus supports 
the idea of subsidence. A boring mto the Great Earrier Reef of 
Australia proves a recent subsidence of 600 ft. Reef coral was 
found dow^n to 500 fit. and below that w^ere quartz and foraminiferal 
sands. I n Oahu (Hawaiian islands)^ coral limestone interbedded with 
lava and ash has been found in a well at i|OJ4 ft. below sea-leveL 
AIsOp many atolb have outer submarine slopes steeper than those of 
talus or of norma] volcanoes—a feature which is explained by 
Darwin's theory* 

The bgoons within barrier and atoll reefs arc sl^ow^ and show 
little variation of depth compared with the great depth of the ocean 
around them (Fig. 17), Their floors^ also, are remarkably flat. As 
the submergence postulated by Darwin is much greater than the 
depth of the lagoonSp and coral growth on the lagoon floor is absent 
or insignificant, he supposed that deposition of material Avashed into 
the lagoons from outside and eroded from the inner reef margins, 
being distributed evenly over the floors by the agitation of the sh^ow 
w^ater, kept pace with the sinking of the foundations and upgrowih 
of the reefs. This is a reasonable explarmtion. But some observers 
have thought that in some cases a greater rate of subsidence than of 
lagoon infilling might have occurredp and impressed by the absence 
of Miy deep ‘moats' within the rcefet they have sought hypotheses 
which iovotve no great subsidence of foundations. 

In the ^glacial control theory^ developed by R, A. Daly, the growth 
of the present reefs is considered to have been initiated at the cl 3se 
of the last Ice Age, and on platforms produced under the specia] 
conditions which obtained during the cold periods. During the 
Quaternary Ice Age (or agos^ for there is evidence in condnental 
Europe, for example, of four cold periods separated by warmer 
‘inter-glacial’ episodes) Avorld temperatures w^cre lower^—a fall 
of about 9* F, of the temperatures of the surface Pacific waters has 
been estimated. Glaciers existed then on the plateau of Mauna 
Kca (11,500 to 13,000 ft.} on the isbnd of Hawaii. Another con¬ 
sequence of the Quaternary Ice Age was a lowering of sea-level 
owing to the abstraction of Avater by evaporation and its accumulation 
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Fig* 17. FunofMt] atdl 

The %urH indicate depths in fathonur. 0 (off the EDcmrc of the eastern rim’ 
marie* the rite of the deepest borc-hok^ which was siinit m, 1807-8 to t 114 ft 
on; (i> Admiralty chirt no. 1983 ■ (j) R. A. Daly, The Changini 
World of itu Itt Age, p. 251 (Ntw Haven, 1935). 


lU ihc solid State to form glaciers on the lands. It is eatimated that, 
owing to this cause, the sea-level fell hy about 300 ft. 

Under such conditions it ts surmised that the corals would be 
killed offer their growth diminished by the lowering of temperature, 














Plarc 24 - Tdrawii utcjll) CiEbirrt 

An ncrial photo^fraph takc-n friim a htinjHt of ahaui Hoo ft, Biath thy atoll 

rim+ covcrfd wirh coconur palms^ can be seen. Ik-i^ieeii iheii^, stiowinij lij;;hteT- 
than the open sea, arc ibe shallow waters of t^he 



Plate 25. The laisroon flat, fluniriiad 

Thin phuitip^rnph shows the eastern edjce of the luj^oon flat on the north side of the 
Ketiea Kap. It exemplifies the gentlir sheleiTig muddy beach on the la^LMin side 
of an atoll Hni. 
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and that in the absence of a growing reef the destructive action of 
the waves would have full play in attacking the new shore line and 
would thus erode a shore platform. With the return of warmer 
conditions, corab spread on these platforms andp with the rising sea^ 
level produced by the returning water from the melliog glacierSp 
grew upward and aulw'arid+ to form the present barrier reefs and 
atolls. On this theory the thickness of the reefs is not greater than 
about 30^1 ft.—excepting where ihe IhiTig conJ h.is gro^AH on coral- 
rock t^us. This theory is siniilar to Danvin's in that the coral 
upgrowth b conditioned by a rising shore level and accompanied 
by drowning of valleys of the coastal lands behind the barrier reefs. 
But the amount of relative subsidence postulated is restricted p and 
the foundations of the islands are considered to be stable. 

Critics of the glacial control theory draw attention to the wide¬ 
spread evidence of independent vertical movements and tilting 
of the islands (i.e., want of stability] as given by the reefs now above 
sea-leveh and to the evidence that some islands afford of sab- 
mergcnccs much greater than 300 ft. The rock bottoms in the 
embayments of many retf-encircled volcanic islands are bebeved to 
be of much greater depth and vridth than can be accounted for by the 
low'-lcvel erosion of still-standing islands during the glacial epochs. 
It is to be noted also that there is a considerable variation in lagoon 
depths. The lagoon in the large almost-atolL of the Exploring isles 
in eastern Fiji reaches a depth of 90 fathomSp whereas that of Christ¬ 
mas island, 15 miles across, is only 4 fathoms deep. However, 
most of such variations can easily be accounted for by varying con¬ 
ditions of deposition in the lagoons, and the absence of very deep 
lagoons remains a striking feature. An acceptable theory must 
account for the general rule; reasons can generally be found for 
exceptions. 

A further constderatiem is of considerable importatice. An island 
rmprotected by reefs—the situation postulated in glacial tim®—must 
suffer erosion by the w^ves which cut into the land like a horizontal 
saw^p producing at $ea-level a rock platform which is bounded by 
steep cliife. This condition is illustrated in Figp iS, sector B. With 
rise of sea-level and renewed coral growth the valleys are inundated 
and the lagoon is formed behind the up-growiug reef as shown in 
sector C. Cliff formation ceases* but one would expect plunging 
cliffs, being telics from those formed by the erosion of the reefleas 
island, as in sector B. The reef-encircled islands of the main area 
of the coral scaa are, however, prevailingly non-cliffed— a circum- 
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«t:moe which falls in better with Darwin's theory^ in which the island 
shores are considered to be these of a prc^fcssivdy drowned land 
which WM continuoiisly protected from marine erosion by an off- 



¥lg. j 3 . Scetor diagram sbowijig the ejTects of a long period of Jowdcvel 
abiresion on a Atill-standing island 

A shows the tsbut-d with flinging reef, fi in its ^'ave-cut 

platfpim and sesH^iffs the effects of moLrinc erosion exposed as a leAuJt of a 
foil of scA-lc^el, C shows the effeeta of a. subsequent rise in sca-levd with the 
formadcin of a bAnicr reef backed by a plutiiting cliff. Eased on W M 
Da™, The CtjralRa/p.zii (N^w York, 193S). ' ' 

shore Hving barrier reef. ClLffcd islanda are common, however, 
on the cold margins of the coral area (in the Hawaiian islands, for 
example) and over these relatively small areas the sequence of events 
postulated by the glacial control theory may have obtained. 

The rarity of clJifed islands in the coraJ seas also bears pointedly 
on the suggestion that barrier reefs have not been built up on sub- 
siding foundations, chiefly by corals, as Darwin proposed ; but have 
been built up on stationary foundations, chiefly by nuUipores, which 
can live in deep and cold water, and that corals have only added a 
sruLLow crown to the great nullipore structures* if this w^ere sa, the 
on^fially conical islands, ^sdJl-standing' and unprotected while the 
nulliporcs were budding up their deep banks, would to-day have 

shores, whereas nearly all barrier-reef 
islands have well^bayed, non-cliffcd shores* 

It is clear that the histories of the reef Ulands have been various. 
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Fig. 1^. Sector dixi^rajti iliustnitiiig the devekprjicnt of the Exploring islei, 

F^i 

Sectors B and G show the effects of variotts stages in subsidence. D shows 
subsequent clex'ntiofl, E shows marine erosion of the pJatforms, and F the 
effect of later subsidence, loosed on W. M, Da>is^ Th^ Metf PrMcmf 
p, ziL (New^ Yoik| 


Some of the rccf-encircled isJand^ have been deeply eroded—-a 
process which takes a long time and involves the disappearance of 
great volumes of rock detritus. Such isknds may have delta and 
coastal flats built of sediment delivered by riven, but these deposits 
represent only a fraction {estimates of i/5oth and i/tpoth have been 
made for some cases) of the material ivhich has been removed. With 


Fig, 19 illustrates the development of the Exploring isl 
small atolls, as imagined by W, M. Davis. The 
of the sectors represent the larger islands, the outer one^ the smaller 
islands. Sector A shows the initial forms due to volcaojc etuption. 
Sector B shows the forms of ifvelL advanced erosion and partbl sub* 
mergence until only mountain-top islets survive with an ahnost-atoll 
reef, and atolls outside (sector C). Sector D represents the forms 
which w'ould be shown by uplift without erosion, and sector E the 
forms actually rcalktcd when, elevation having ceased, the limestone 
area is for the most part stripped from the volcanic mounts and 
reduced to low relief. Sector F shows the forms of to-day, after the 
limestone area is submerged beneath the lagoon of a new' barrier 
reef, above which rise the little modified volcanic mounts with their 
residua] limestone patches. 
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active delivery of sediment to coasts, cond grcivth is smothered, and 
the disposal of the detritus in such barrier reef islands presents a 
problem. It has been suggested that in the eariier stages of the 
erosion of these islands they were reeflc^i and that the sediment 
was distributed to off-shore waters by wave action; with subsidence 
the detritus was deposited in the drowned valley bays, whilst the 
barrier reefs grew upvi^ard on the banks of detritus off-shore. 

After a period of scepticism and strong criticisni, Darwin's theory 
has come into favour again^ as affording the most valuable clue to 
the general solution of the reef problem^ which is an extremely 
complex one. 

The varied histories, ages, and situations of the reefs show that no 
one hypothesis ram be adopted for ah cases—each reef cahs for 
individual study. Before conidncmg solutions to the problems of 
the origins of the different reefs can be found, more infonmtion must 
be obtained regarding the thicknesses and natures of the reef lime¬ 
stones, and of the forms of the volcanic foundations upon which 
they rest- 


THE SCULPTURING OF VOLCANIC ISLANDS 


The original forms of the volcanic Islands were due to accumulation 
of lava and ash around centra of eruption—they w^ere relatively 
even and smooth ^ conical and dome-shaped slopes, at from 3^ 1030'** 
The craters and calderas were central, circular, or elliptical areas 
bounded by steep cliffs. In some cascs^ earth movements along 
steep fault-planes have abruptly lowered parts of the accumula¬ 
tions, leaving a scarp w here sections have foundered beneath the 
waves. AH these features arc due to accumulation, explo^on. 


ao. Sub'-fnAtu te dissectlQn of a volcanic island 
The island wda initiidlv ^ bafialc dams. B^ed on C. A. Cattoh 
O^mTrphoiagy, p* 375 (3ifd edidon, Christchurch, 1943). 
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and earth movements* With the cessation of volcanic activity, the 
slow action of the forces of erosion proceeds to modify the original 
land forms (Plates 26-7). In time aU traces of the origiijal surfaces 
are lost, and the final staged—given a long enough 'stiU-stand' 
of shore level—are those of a low island and, eventually, a submarine 
bank. 

The proc^ starts mth the development of streams in the lower 
regions of the volcanic pile, and these form vaUc)^ radiating outward 
from the centre like the spokes of a wheel Wirh the continued widen¬ 
ing of the valleys, ridges are left between them in the upper parts 
where the valleys are closer together, whilst the original slopes may 
still be presen ed at lower levels (Fig. 20)* Eventually, all the original 
slopes disappear, and the radial valleys and the outward dips of the 
lavas and ash beds revealed in the valley sides remain as witnC!^ of 
the site of the now degraded volcano. 

Caldera walls become reduced in time and a valley cutting back¬ 
wards into the dome may reach and drain the central depression. 
The whole centre of the main volcano in Tahiti is replaioed by the 



Fig. zi* Bird*s-eyc diognun of Oahu 


The diagram shows contrasts in the disMction of the Icrward and windward 
aides of the island. Based on \V. M. Davis, 3rfte Rnf /VoW^m, p. 170 
(Kew York, 1928). 


Papenoo valley, which is surrounded by a ring of high residual 
peaks. It is difficult in such a case to determine, after such pro¬ 
longed erosion, whether the central area is primarily the site of an 
original caldera, or whether its surface has been largely lowered as 
a coriBcquencc of bcadw'ard valley erosion. Great hollows presumed 
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to hAve been eroded in the centres of volcanic mountaios arc termed 
"erosion calderas' in contradistmetian to the original volomJc crater 
caldera. 

The stages of erosion may vary greatly on the sides of a dome 
if there is a difference in ramTaU^ as in Flawalj. The rainy wind¬ 
ward side may reach an advanced stage of dlssecdon and acquire a 
very rugged appcaranccj whilst the leeward side retains much of 
Tts smooth dome-like form {Fig. ai). Apart from this consideration 
it may be said that the more dissected an island the longer the 
period which has elapsed since the cassation of volcanic activity. 

The development of land forms in volcanic Islands may be illtis- 
tmted from the island of Oahu (Hawaii). The original island was 
a volcanic doublet {Fig. 2z). the younger and larger cone lying to 



Fig. as- Diagram illustrating the structural origin of Oahu 

On the left is shown the initial fotm of the volcanic doublet; ati the nghl is 
the midita] doublet after the \om of part of each volcano^ Based on W. M. 
Davis, 'The island of Oahu', Jourtfoi of Gtogrnphy\ vol. Xxii, p. 354^ 
(Chicago, 19^3)- 

the east. The present island differs from the original through the 
loss of nearly h^If the western cone and more than half of the eastern 
one (probably by down-faulting), and by the erosion of the residual 
half cones inio bold mountain forms (Fig, 21), The older western 
one, the Kiala range, k much more dissected than the younger 
eastern one^ the Xootau range. Several limestone coastal piainsT 
now partly overwashed by volcanic detritus from the mountainsi 
occupy the wide valleys of the wt^stem coast; a smaller one lies in 
the northern re-entrant angle between the two cones; and the largest 
stretches all along the southern coast. The largest varies in width 
from several hundred feet to two to three miles, and along its land- 
Ward boundary lie limestone cliffs denoting a former shore line. 
Also there is a coastal plain almost wholly composed of volcanic 
detritus at the base of the great cliff, the i’di, in which the broken- 
down younger cone faces the raid-eastern coast. 'iTie cliffs of the 







Fig. 23. Maturely dissected lava domea 

The diagram diili formed when howndmj? reef* are absent. Hased on 
A. K. Lcibcckj GfomoFpholosy, p. 676 i^New York, 1939)- 


behind a barrier reef may be explained on the hypothesis that ih^ 
Vfcre formed before the reef was in beingp and when the shore level 
was lower^ Flat lowland at the borders of islands may represent 
uplifted sea fioor^ as in the case of Oahu dted above^ or it may be 
built of land-derived sediment. In *rahiti submer^gence produced 
drowned-valley embayments (Fig, 24)# all of Avhich are now' filled 
with delta plainSp save for some small unfilled bays where the streams 
in the valleys at their heads are short and amat!. These level plains 
have ad^'anced far enough outside the fomief bays to become laterally 
confluent in a narrow alluvial lowland (built up from volcanic detritua 
and up to i^ooo ft, broad) around much of the coast of Tahiti* 
Behind these coastal plains with their lich soil are cliffs cut out of 

+ For another interpolation of the geological history of Oahu, $ce H. T, 
Steams arid K, N. Vaksvikp ^Geology end Ground-weter Resoureva of the 
Island of Oahu", ih'™™ 0/ Hydrogruphyi BuIUti^t I {Honolulu, 19J 5 )* 
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younger cone, being on the windward side of the Island, receive a 
heavy rainfall and are clothed with verdure, while the deeply eroded 
seaward slopes of the older cone on the leeward side of the island 
are rdatively dry and have scanty vegetation.f 
Cliffs are formed wberc marine erosion, in the absence of a coral 
rcefp is active (Fig. 23), Their presence at the shores of a lagoon 
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Fi^. Z4. Embayed and delta-IUled valley betiween two tpvra,. north coast oi 
T^ti. Based on M* The Conti Meef Frvtiem, p. ass (N«w YoHc* 

igaS}, 

volcanic rocks, as much as 500 ft. high. These clrffs are now beyond 
the reach of the waves and have weathered into steep slopes ma^ed 
by clay and rubble. 


DEPOSITS ON THE FLOOR OF THE PACIFIC 

In shallow water adjoining the land, material accumulating on the 
sea floor is sand and mud derived from the land masses—the so-called 
terrigenous deposits. The material becomes finer in particle size 
with increasing distance from the shore. Water charged with sedi¬ 
ment in suspension is heavier than clear waterj and it slides down the 
continental slopes beneath the stiller upper waters for tens of miles 
before all its load is dropped; thus the muds often extend aoo miles 
from the shore. 

The main area of the Paciiic i$ out of reach of this materia]^ and 
the deposits are of two main types—the ooze and the red clay. The 
oozes are composed of the skdetous of tiny organisms (plankton) 
which live mostly near to the surface and which on death slowly 
rain down towards the ocean floor. In the globigerina and pte roped 
oozjfis the skeletons are of cilcium carbonate; in the diatoms and 
radiolaria they are of silica. The distribution of the various oozes 
(Fig. is obviously governed by the nature of the dominant 
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planktonic life in the waters above them; but ii is also controlled 
by the depth. In the deep water calcium carbonate is more soluble 
than silica, so that deeper water favours the accumulation of stUceous 
ooste. Much work has been done on the dUtributlon of the diatoms 
in the southern seas by whale-huntmg interests. The whales live 
on prawns which in turn live on diatoms. Diatoms are plants which 
live only in the uppermost 150 ft. where there is light. 

In the deepest waters both calcareous and siliceous skeletons are 
absent—having been dissolved on descent—and the deposit is a 
fine 'red clay* made Up of altered volcanic and meteoritic dust, 
w ith no organic remains save the reststant teeth of sharks and bone 
of whales. Thus the Nero in 1899, when laying the telegraph cable 
from the United States to Japan, found globigcrma ooze at depths 
down to 2,200 fathoms, and in deeper water, red clay ivas found. 
This deposit contains manganese, giving it a chocolate colour, and 
manganese nodules have been dredged from it in great numbers. 
Spherules of nickel-iron (cosmic meteoritic material) are also found. 

The deep-sea deposits grow slowly. For the oozes the estimate 
is from about t in. in 2,000 to 6,000 years, whilst the rate for the 
red day must be slotvcr. With the Piggot core-sampimg gun it is 
possible to bring up cores up to so ft. long. The gun is a long brass 
tube with a weight on the top and a cartridge inside (Plates 28-9). 
On reaching the bottom the cartridge is fired and the tube driven 
far into the deposits. A core of red clay has thus been obtained 
220 miles west-south-west of San Diego, California. 

If the Pacific ocean has existed since the birth of the earth (say, 
2,000 million years ago) it has been estimated that the accumulated 
and compacted deep-sea sediments may be about 4 miles thick. 
There is good hope that in the future it will be possible to determine 
the thickness of the deposits by using seismic methods to measure 
the velocities of artificial shock waves through the sea floor. The 
velocity will be greater in the rocks beneath the deposits, and it 
should be possible to discover the position of the base of the latter. 
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CAlifomia^ A suinirmry of prwnt knowicdgie of the Pacific u gi^w 

by E. G. Mom, Th€ Padji^: Ocean Handbook (Stanford University* iw>- 
Si^ and Form. An account h (fiven by E. KoaainfiaH ^Die Endober- 
fUche'p HandbuHi dcr Oeophydk, Band ii, pp. *^ 33 )- 

Form of the Ocian Floor. For a general description see : G, Schott t 
Ocographie d& FndiKhcn wnd Stillen Osami (Hambmgj i W; 

LittlebdeSj 'The Pacific Ocean* OceanoeraphyV Bulletin of the NaXiomd 
Resem^ch CoimcH, no. Si, pp+ 34“44 D.C.* * 931 ) w 

Betz and H. H. H«3, ^The Floor of the North Pacific Occan^ Geographiail 
Revim^ voL xxxit* pp. 96-116 (New Yorit* ^94^)- 

Geology. An accoxjmr, in iomc respects out of datei ia gii«n by P. Marshall* 
'Oceania', Handhuch der R^ionalen Geotogie^ Band viTp heft- 9 (Hddelbcrgp 
1911), J. W. Gregory, ^Thc Geological History of the Pacific Ocean\ 
Quarierty Journal of the Geological Society of London^ vol. lotcyt, pp. 
LXXlt-oDcxvi (Londorip 1920), advocaties the pMcncc of esetensLve land 
rrLJis$« in the past; A. L. Du Toit, 'Observations on the Evolution of the 
Pacific Ocean^ Froceedingt of the Sixth Padjk Sdence Congrm, vol. t, pp, 
^ 75^3 (Berkeley and Los Angtics* 1940)1 considers the Pacific to be 
bordered by land masses which have drifted over the earth; while C. G. 
Simpson* 'MamnialB and the Nature of Ccintincnts% JourTifd of 

Science, voL ccxlt, pp, 1-31 (New Haven* 1943)1 favouts the hypothesis of 
stable land masses and oceans. A useful summary is given by L. J. Chubb, 
'The Structure of the Pacific Basing Geological Afagasine^ vol. ucci* pp. 
a39“3oi (London* 1934}- Structural types are described in W. H, Hoblra, 
'Mountain Gtovrth : a Study of the South-western Pacific Reg^on^ 
Pi'oceedings of the American philospMcal Society, vol. ucKxvni^ pp. sitH&S 
(Philadelphia^ 1944)- The igneous rocks aic described by C- R. Burrip 
^Chemismus und piovinEialc Ycrhiltnisse der Inugeruptiver C^tdne des 
paz.ifi:$chen Oreans und seiner Umrandiing'* Schutdxerische rntneralogifcke 
Und petrografische Afiticilongeny Band vi^ ^p. 115-99 (Zurich* 19^^)» ^ 
Lacroii^ 'La constitution lithnloglquc des lies volcaniques de la Polyn^sie 
auatrale'* Cotnptet weruiuet det s^'ances de VAcadFmie Sdencet, tome ttXp 
PP- 353-54S (Paris, 1917); and A. Bom* ^Auslralien und der Pasifik'* 
HoTidinich 4 ^ Geofdtytik, B^d 11* pp. 757^^ (Berlin, 1933)- Volcano 
Letter^ published by the University of Hawaii, records the work of the 
volcano laboiaiorics, tmd the aEmvitiea of the volcanoes around the Pacific. 
Details of volcfinic activity up to 1916 wilt be found in t IC Sapper^ iCatalog 
der gfuhifhliuhe VulkanaiahrUfhe (Straaburg, 1917)1 K. Sapper, Vulkan^ 
kunde (Stuttgart, 1937). A discussion of the determinations of the %*^ue of 
gravity in (he region is Riven by F. A. V, Meintsa m Grattfy Expeditions ai 
Sea, i9?3-i932i vol. II, pp. 104-7, 199^204 (Delft, 1934). 

^rthquaka. For a general account see B. Gutenberg and C, F- Ri^ter^ 
^Seismicity of the Earth", Geological Society of Amerreat Special Paper^ 
no. 34 (Washington* 1941). Sevcod papers on Pacific earthquakes will be 
found in Proceedings oftU Sixth Pmdfic Science Congress, xqI 1 (Berkeley 
and Lo$ Angeles* 1940). The permanent dlsplflcemefits ac^mpanyrng 
shocks in the noirih Pacific are discussed by B. Gutenberg* The Structure 
of the Pacific BaaLn as I ndicated by Earthq uakts * Science, PPj 

4S6^S' {NewA’brk, 1939). TTunomic arc described by Inamura* iheareHcm 
and Applied Seismology (Tokyo, 1937)^ « - , 

Coral Reefs. The conditions controlling the growth of r^f co^ are 
discussed by : T. W. Vaugban, ^Corals and the Formanon of Coral * 

Annual Report of the Sndthsonian Imtitution for 1917^ PP* * (WMhing- 

ton, 1919); and C. M. Yonge* *The Biology of Recf-Biulding Coral* * 
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Report of the Great Earner Reef Expediiiow, vot. l, p, 351 (LcKnEf^uip 1940). 
General wori£i on the otifio of flu nofa Hn: C. Darwin^ Corid Reefi (Londoa, 
1^4:^ 4 fvd several IfitercdidonB) W. M. Davis^ The Corai Reef F^^em (Now 
York, i9z 3) ; and R. A. Daly, ^Thc C^lecial-coELtrDl Theory of Coral 
Proeeedingi of ike Afnenean Academy of Arts and Sriencet, voL M* pp, 

(Boston. 1915}- A recent dism^ilon hised on Lnveatigadofn in the Nether- 
landa East Indies h given by P. H. Kuenen. "Geology of Coral Bcefs\ 
Report of the Snetlius Expeditton, vot pt, z (Utiechl;, 1913). A descriptive 
account of coral ree& will be found in A. "The Coial Reefs of the 

Hawaiian Islands". Buf/ctio 0/ the Museum of Comparative Zoology at Harvetrd 
Coiiege, voL JCVlf, pp. iai-70 (Cambridge, Mass,. 1889). 

Changet ia Sea^evet. The evidence for variations in sea-level is dis^ 
cussed by R, A. Dalyj Tfte Chartgir^ World cf the Ice Age (New Hmveni, 1935 ) I 
also by J* E. HoSinei^ter and C. K. Wentworth, ^Daca for the Rccognidan 
of Changes of Soa-LeyeV, Proceedingt of the Sixth Pad^ Sdertce Coogresi, 
voU ll» PP+ 839—48 (Berkeky and Angeles, 1940), In the biter volunae 
(P^ 833^1 H. Kuenen discusses the "Causes of Eustahe Mo%-efncnta^ 

Oeeait Depmti. An account of the dbtnbution of deposits on the floor 
the Pacific is given by G- Schottp Geogre^dne des Indischen and StiUen 
Oseam, pp, 109-23 {Hamburg, 1935), Mii^lcm methods of obtaining 
aamplw are described by a S. Piggotp "Core Samples of the Ocean Bottom^ 
ATinu^^port of the SmithsojdoFt Institutioa for 1936, pp. 307-16 ^Vashing- 
ton, D.C,p 1937)- The problem of detennining the chickness of the ocean 
deposits by seismic methods h discussed by E. C. Bullard and T. F. Caskell 
Subinsnnc Seismic Invesligjaliom^ Froceedh^ ejF the Royal Sodeiy of 
London^ Series A, vol. cupcvii, pp. 47^-99 (London, 1941). 


Chapter III 
CLIMATE 


P^essuJt^ and Wind t Temperaturr : Humidity ! V^bility mid Fog: 
RdnfiU: Bibliagmpbiciil Now: Clinmtic T^bJeft 

Since the Pacific ocean b divided by the equator^ the climatic 
dements are reproduced more or less symmeiris^y in either hemi¬ 
sphere. The axis of symmetry In any pardcntar month is the equatorial 
belt of low pressure or ^doldmms\ the position of which is described 
below. It ifi a legicm of light variable winds, preponderantly easterly 
in direction, towards which blow the trade tvinda, diminishing in 
force and relkbility as they approach the trough of lowest pr^sure 
where the constantly incoming air escapes upwards. The doldrum 



Fjg, ab, Presflute, winds and wind bcJts : Januaiy-FebnuLry 

The letter refer to the fonowing regiohj ; A> variahln of the tropic of 
i,anc 5 cr^ B, the north-east trades ; C, the doldrums ; Dp the south-east 
trades; E, the variable of tlw cropJe of Caprteom ; F, the moinoopa^ The 
nguies show pressure In miUiboLFs. Based on G. Schott^ "Klimakunde der 
SQdsee-InScln^ Hamtbuch der Bond iv, Tdl T, p. 90 (Berluip 

1938). 


belt migrates north in the northern summer to a limiting position 
about 5*" N in J uly and August, whence it retreats to the other extreme 
in January and February'. At this season it is In general still north 
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of the equator to the cast of long. 160° w (Christmas island), but 
bulges as far as 10* or 13.“ s near the Ellice islands and the Solomon 
islands^ 

The source regions of the trade winds are the high-pressure 
belts lying about 30^ N and s. As a result of a procession of anti* 
cyclones moving eastwarda^ the mean pressure is generally high 
right across the ocean in these latitudes. It is highest towards the 
eastern side of the ocean in each hemisphere where the mean isobaric 
map shoiivs oval highs in the centre of which pressure exceeds 
1020 mb- The mean position of these high pressure areas changes 
very Utde with the seasons ; the details can be seen from Figs. 26 
and 27. 

The trade w inds blow with great regularity from east-north-east 
on the north side of the doldrums, and from east-south-east on the 



Fig. 27, Fitssure, wind* and wind belts : July-Auguat 

The Bgum show ptessure in millibiiis. Key to ftgioim and source 113 for 
Fig. 26. 


wiith side. I’hcy prevail over the whole of the width of the ocean 
except for a narrow belt on the east and a much wider belt on Lhe 

w^cst. 

On the east side near the American coast, the winds, circulating 
round the anticyclones described above, blow parallel with the 
coast, from the south off South .America and from the north off 
California. The south winds extend across the equator and prevail 
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at Cocos Island from April to October and at tbe Galapagos from 
March to January (the gar&it season—vol. II, p* 35), 

Such, in broad outline, b the scheme of i^inds in the mid-PacLtic 
and in the Eastem PadEic betu'cen x and 30* s. It is ajmple and 
symmetrical, but west of about 150'' E the symmetry of winds and 
other climatic elements is destroyed by the influence of the great 
land mass of Asia with its pow^erful monsoon, which strongly affects 
the climate to a distance of over i ,000 miles from the mainland. 
Because the north Pacific is bordered by the two largest land masses 



Fig. Climatic regfoni of tfie intcr-trOpical Pscilic 

'the regiens Are^defined According to ihcir prcvmting winds- The windt of 
the ^coastal strips^ blow paraUcl wi th the Amrncan coasts. Based on vmnoua 
sources^ 


of the w'orld its seasonal contrasts are more pronounced than those 
of the wide south Pacific, with its relatively srnall and discontinuous 
flanking land masses. 

The imer-tiopical Pacific can thus be divided into regions of 
prevailing winds (Fig. afi). Since the nature and source of the ait 
currents is the chief factor in determining other weather phenomenal 
these wind regions become climatic regions, the chief characters 
of which may be tabulated, in very general teims, as follows : 









6o 


CLIMATG 


Region 

Prevailina 

Wind 

1 Rainfall 

Tempera- 

tu« 

Rouaritt 

North-east 

trades 

; s^trqngcst 
ici winter 

50-100 in,; all 

year. Heavirsi 
precipitation dn 

windward side 
of high land 

F. 

High propor-^ 
non of sun¬ 
shine 

Doldrums 

Sooch-east 

trades 

KasicrLy; lij^ht 
and -vanabie 

in winter 

JDO-15C in.; all 
year, autuifui 
mflj;iniUni 

50-150 nu; aU 

yeafp dfi«l in 
pre- 

dpitation greatly 
affected by rclidT 

F. 

6o*-Bo" F, 

Muggy- night 
thunder^ 
Storms in 

, rainy season 

High propor- 
tiofi of sun¬ 
shine 

MorksfCHHi 

Hct^ettcd with 
floafiani: light 
and vufisble 
at chumgC' 
over 

lofr’i^oin.j flea- 
safuil, summer 
nminmni; 
highest on nind^ 
Waid sideoriaiKl 

F. 

CDtisader- 
Able range 
o(f Japan 

Liable to ty- 
phooTks^ thun- 
derflomis in 

rainy snwn 

American. 

COBSUl 

strip 

NofTherly 
(northcfn 
hemisphere}; 
MHitherly 
(southern 
hemifiphert) | 

60 in.; incher dry, 
especialjy in 
HHiihem Hemi^ 
sphere 

6o'-78^ F. 

Tendcnc}" to 
doud and Fog 
in ihore, cs, 
pKiiUy out- 
9 t d e the 
tmpics. 
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PRESSURE AND WJSD 

^ih the exMption of a small area in the vicinity of the Asiatic 
from ShMghai to the island of Kyushu, the Pacific between 

l“ i ® f *^5^ temperate depressions, and 

within this belt the^ pressure is remarkably uniform. 'Fhc hieheat 

lowest too6 mb. (near 

d^fr<^Sv "“»hcre estceeds .o mb. and the 

and is re^JL I, ™? ™ogrii^abIt 

and izofl h ^ ^ and tdiabb* It reaches maxirnii at looo hr* 
being 

mtermpted hi!?' "se and fall twice daily is only 

cyclone) wh^ ao^teh (tropical 

casting by the faibre of dle^d^i *'"?'« observer fore- 

B . tailure of the daily maximum to attain that of the 
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previous iTv^xlniiim. Any noteworthy disturbance of the settled 
course of the barometer changes should therefore be regarded 
seriotisly,^ as a possible precursor of developmeiit of a typhoon. 
Daring a typhoon the barometer descends very low^ perhaps 50 
(fifteen times the normal diuma] variation). 

The broad features of pressure and wind systems have already 
been described. Details of the direction and reliability of the winds 
for January, April, July and October are given in Figs. ^9-^3 2 j 
they are described below. 

The Doldnm Belt 

It will be noticed that in the Eastern Pacific the trade winds 
are decidedly north--east and south^^east; their convergence is thus 
well marked and the area of convergence is wide. But in the centra] 
Pacific and the Western Pacific their direction is almost from east 
to w^est, the two air streams are almost parallel in direction and the 
zone of convergence is narrow and ill^defined. East of long. i65^w, 
the doldmm belt is north of the equator throughout the year and is 
situated in lat. 5® to N. It is well defined from June to January, 
but the typical conditioris occur only irregularly in the other four 
months. In mid-Pacific and in the Western Pacific, from 165® w 
to 155'^ M, it shows a tendency to split and spread - it is 1 m clearly 
defined than in the eastern part. The line of convergence is 
commonly south of the equator and lies between the Phoenix group 
and the Solomons^ especially from December to May. Variable 
light winds, often from west or south, accompanied by storms, are 
charactedatic of the Cook islands and Samoa from December to 
March. From June to October, however, the line of convergence 
is usually to the north of the equator in the neighbourhood of the 
Caroline islands and Guam. Though the wind is typically light 
and flat calms are frequent, the doldrums are lUble to violent squalls, 
usually of short duration, aecompanied by thunder, lightning, 
heavy rajn^ and, not infrcquaitly, waterspouts. The storms mostly 
occur at night. There is much heavy cloud and raiup 

Trade Winds 

It can be seen from Fip. 29-32 that the trades of the northern 
hemisphere are more constant in direction than those of the southern. 
In the middle and eastern parts of the north Pacific 60% to 90% 
of winds follow the prevailing direction; in the sotithem Pacific 
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Fig, «g. Average suefoce wind-drift: Januftty 

the percenragw of winds which follow the prevoiling 
U.S Hj^rngraphic Offitt/-Climadf 

^ Ifilajids Region, Naval Atr H/of, no, i^a (Pud^ 

jJlaiT^r), pp. 11-15. 



^iS- 30. AvcrBBc surface v^ind-iJiirt ; April 
For «:xplanAtioa ind MUite see Fig+ 29, 
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Fig. 31, Avenge siLT&ce windnlrift; 'July 
For expIsOTHTion ami source see Fig, 29. 



Fig^ Average surfeee wind-drift: October 
For explanation and source sec Fig. 29- 
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the constancy is of the order of 50% to 70%, the reliability being 
highest in inid>winter (J uly and August). 

Percentage frequencies for some island stations are given in 
Table I (p* 90), Remarkable as the constancy of the trade winds 
is at these stations, it is even more so over the open sea where the 
air Sow is uninterrupted and no land-and-sca breeze effects occur 
as they do on islands. 

The mean force of the trade winds is shown in Figs, 33*^. Both 
trade winds reach their greatest force and constancy during their 
respective winters, the north-east trade principally in the middle 
third of the whole region (that is, east of the Marshall islands) the 
south-east trade mostly in the eastern third, roughly front the 
Marquesas eastwards, and also in the neighbourhood of the Cc»k 
islands. They decrease in force both equatorwards, towards the 
dotdnuns, and, polewards, towards the high pressure ridges about 
lats. 30 N and 30* s. Winds arc slightly stronger in the northern 
hemisphere than in the southern. Owing to retardation by friction 
the winds recorded at island stations arc about 3 knots less t ha n 
over the open sea. 

Tabic II (p, 95) shoivs that from half to two-thirds of winds arc 
between 4 and 14 knots and that winds exceeding a8 knots (force 7 
and over on the Beaufort scale) are rare, 

ITie weather of the trade winds is brisk and refreshing. Coming 
from lugher latitudes the winds are relatively cool and the cooling 
effect is heightened by their low relative humidity and the constant 
fanning action which promotes evaporation from the skim Near 
the high-pressure centres the sky is often cloudless, and elsewhere 
it is only partly covered with broken cumulus. Thus there is a 
high proportion of bright sunshine which adds to the sensation of 
invigoration. 

Region of Momoon Wbsdi 

West of the line shown on Fig, a8, which runs approximately 
parallel to the larger islands of Japan, the Philippines and New 
Guinea and about 1,000 miles out to sea, the winds arc controlled 
by the continental masses of Asia and Australia. 

In both hemispheres the trade winds are strengthened and diverted 
during winter and almost reversed in summer. The south-ivest 
monsoons of the Western Pacific are neither so strong nor so reliable 
as those of the Indian ocean, but the north-east monsoons are 
Stronger than those of the Indian ocean. 
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Wmds are strQOgesi and most reliable at the height of each 
mon$Dori^ from July to August and from December to February, 
At the changeover seasoUp calms and variable winds are frequent 
and the region becomes part of the doldrums. It is partly for this 
reason that the doldrum bek of calms Ls so wide and varbble in 
position in the Western Pacific. 

The ^Horse LaSitude' High Pressure Belts 

The frequent passage of anticyclones across the ocean in latitudes 
about 30® N and 30® a results in a ridge of high mean pressure ihat» 
in effect^ forms the wind divide betw'een the trade winds and the 
westerly cLrcuJatidn. The trade winds weaken as these latitudes 
are approached and winds become light and variable in direction. 
The high pressure results in a descending motion of the air and 
therefore in dryness of the air and absence of cloud. 

The American Coastal Strip 

Off these coasts the prevailing winds are directed tow'ards the 
doldrums that lie roughly on the equator in February and off Mexico 
in August A cold current flows from the south up the coast of 
Peru and swings w-estwards where the coast changes direction off 
cape Blanco in Ecuador. A similar currenE off Califomia has less 
power and does not make the sea unduly cold south of the tropic 
of Cancer. Low' cloud and fog may occur with on shore winds off 
Peru. 

The IVesieriies 

The most southerly islands experience westerly winds in winter; 
at Rapa {27*^ s) w'est winds prevail from May to September and at 
Norfolk (29® s) from ]tine to August. Polewards from the horse 
latitudes in the north Pacific the prevailing w’inds are westerly or 
south-westerly^ becoming stronger with increasing latitude. \¥here 
these winds meet polar or Arctic air blowing from the cold regions 
of north-cast Asia and Alaska cyclonic storms are generated. Winter 
is therefore the stormy season. The average frequency of these 
storms in winter is shown in Fig. 37 ♦ ts highest alor^ the line of 
Japan, the Kurile and the Aleutian islands, which appears to repre¬ 
sent the mean position of the Polar Front in the north Pacific* Only 
the Western end of this storm belt, off Japan* concerns the present 
Handbook, but it causes a rapid increase in frequency of gales to 
the north of 30^^ n (Table III (p. 96)—Taioosh island figures). 
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33- A^ragic BUr&ttc wmd sp«d in knota ; December to Fcbniary 

The thjawB. in Figs. 33-6 are computed hy conveialon fmm the avcinge 
Beaufort numbers in DbaenrarioDS. Figs. 33-4 am based on the 

U*B. Hydrographic Office^ 'Climatic Featam* of the Pacific IslaDds Region^ 
l^aval Pi/of^ no, 134^ pp. 19-20. 



I Fig. 34. A%*enige surSoce wind speed in knots : Alardi to May 
F« expkoAtion and louioe »ce Fig, 33^ 
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1 i-to 



Fig. 3S‘ Average sadacc wind speed m tnots ; June to August 
For expUmntion ojid source 3« Fig. 33, 



Wind i|i4Vid 


Fig. 36. Average surface wind speed in knots t Sepiembrj- to November 
For explomstion nnd ftource see Figi^ 33' 
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Strong IVinds md Gidti 

It has been shown above that most of the winds within the tropics 
are less than 1:4 knots and that winds exceeding 28 knots are cxc^- 
xngly tare. Really strong gales, reaching and exceeding 4 c knots 



Fig. 37, Average fiequcncy of depressions in winter 

TTw months November to April are selected as tb* winter half-yearH This 
figure is based on observations made during the period 1^23-3a. It js 
generalized fmm R. W. Richardson, 'Winter Air-Mass Cofivergenoc over 
the North Pacified Th^M&ntMy Reoimj pp* 19(9-203 (Washington^ 

1936). 

(Rcaufort force g), arc practically unknown in the central arcap but 
they occur in certain fairly weU-dehned areas subject to tropical 
^torm$ {typhoons or huiTicane&)* The distribution of these storms 
is ahow n in FSg, 38. They arc revolving storms with an anti-clock¬ 
wise rotation of wind^ tiorth of the equator and 3 clockwise rotation 
south of the equator. The areas of origin of these storms (as shown 
m Fig. 38) correspond to areas of intense over-heating in regions of 
calms or light windSp provided that these occur far enough from the 
equator for rotational movement to be set up in the ascending air 
emrents produced. Tw^o principal regions are affected : (i) among 
the islands south of 15^5 ■ (2) tn the Western Paciflcp off the Philip¬ 
pines and Japan. 

In the northern hemispheres these storms generally fallow a 
well-defined pattern of track-first westtvards, then northw-ards, 
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then eastwards—though (exceptiormlly) manv other routes may be 
followed. lo the southem hemispherep however, a cun^ed track 
is not often followed ■ most stornis move from north to south 
(Fig, 38). Not every typhoon produces winds of gale force, but 
probably half of them do, while velocities of 70 or 80 knots may be 
expected and 134 knots has been recorded on Guam^ The radius 
of the typhoon circulation seldom exceeds 300 or 400 miles and the 
area of dstmetive winds may extend over a circle of about 100 miles 
radius from the centre, but it is usually less^ The centre^ or ^eye 
of the storm\ though a region of calm or light winds, has moun¬ 
tainous sea and ssvell of a vety destructive characteTp Torrential 
rain characterizes the central area, often producing 20 in, or more 
during the day or two of its passage; the record is 46 in* in 24 hours 
at Baguio, a mountain station in the Philippines. The hurricanes 
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Fiff- 38. Annual percentage frefiueney of strong gales imd humcanes 

I'hia iiguFc rccortU the fre^tucncy of ivinda of 41 knots or over {Beaufort 
force 9 or higher). The irtc^'s ihew typicul tia^s of typhoons. Based, on 
*hc U.S, Hydrographic Office, ^Climatic Fcaturs of the Pacific Islands 
Region^ iVrnw/ j^lfr Pilots no. 184 (Facific /r/oneff), diArt 24, 

of the south Pacific are not so violent as the iyphtx>ns of the China 
Seas, but do great and Lasting damage to low islands and atolls. These 
are sometitnes completely washed over by the mountainous seas, 
with the destruction of every building and all crops. 
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In the south PacifiCf hiimcanes originate about laL lo^ s in the 
western haif of the ocean and sweep south to about 30* s, but increase 
in frequency towards the west, affecting especially Samoa, Tonga, 
Fiji, the New Hebrides, New Caledonia and iht coast of Queenskndp 
Gales in these parts are mostly due to this source and about three 
per year may be e^cpccted (Table HI, p. 96), mainly in the itiontha 
of January to March. 



Fig. 30- Typhoon frequency in the Chirm stm 

The figure is caleidKtcd from obscrvatioiiA over the periods rSoi-iaiE anri 
^ scale of frequency is indicflted in the top Icft-l^d comer of 
num^ra show the averages per month. Months with maxima 
^^'photms sw mdicBted by initial letter^.. Based on die Ah Mlnistrv 

o'* in tfu wrf in iht Weiltt^art7f 

itu! iVwrt Paefie Oewfl, vol, I, pt. a. p|. i6. fig, z8 (London. 1938). 
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In the north Pacific hurricanes occaslonaliy occur in the neigh¬ 
bourhood of the Hawaiian islands, originating about 15"^ N; but they 
are unusual features of the climate there. 


Fig. 40. Typli;^ trades of cycEonJc depiefisiotis and thtir monthly fir«|uenc7 

over the China scia 

The thif^ess of tbr band Endicates approxuiuilcly the relative frequency 
with which depressions tfiavel along these tcad^. The dUgrana at the 
begmnxng of each track indicato the percentage firquency of depieasions 
on that track in each of the twelve tnonths ; a \'erticfll line has been drawn 
bemeen the eolumni for June and July, Bas^ on the Air Mimstry Meteoro- 
logical Office TKe^t/W in the Ohina Smm attd pi the Wettent Pdrf the ^Crih 
Pacific Ocean, toI, 1* pt. i, p. 53 (London^ 193^)- 

In the China seas typhoons are an important element in the 
climate. They odgifiate between latitudes 7® and 16® N according 
to the season, as follows : 

J F M A M J J AS O N D 

Lat. of origin (® n) 8 7 7 9 13 IS *5 iS 9 
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Fig. *!, Average drift of middk-lcvci douds : December to Febnurv 

The icsuHs showa in Figs. 41-4 have been computed for a oonuderabk 
Dumber of wdl-distributed oo«d squam by the method used for 
genenLizing the suifsoe drift from ships' obsemtions. The ohsen^etioiu 
mainly concerned the direction of movement of alttMnjmidus doudt 
Figs. 4t-4 are based on the U.S. Hydfogmphie Office ■Climatic Featuira of 
the Pacifie Islands Region’, Ntmal Air Pitot, no. 184 (Pati& Itiiudii 
pp. xs- 6 . " 


C^p^lcd 


^riJw 


4 ?- Average drift of middl-e-level cloudA : Mftreli to Mmy 
For eiplLn^tion and sotircc iee Fig. 41» 


Certnplil^Tl 
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Figh Avci^gc drift of mlddle-L-evd ckiud# ; Jime to August 
For cxpUoarion o^d swrcie ^ Fig. 41^ 



Fig. 44, Average drift of middle-tcvd ciciad» : September to November 
For explixution uid soujce «ee Fig. 41. 
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The most prolific region of production lies cast of the Philippines 
betiveen Yap and Guam. Thereafter their tracks are, in general, 
as shown in Fig, 38. In January, February and March the majority 
of typhoons recurve before reaching the Philippine islands and 
pass away to the southward of japan. In April and May the area 
affected spreads westward to include the Philippines, the Gulf of 
Tonkin and the Formosa strait. In June it spreads still further west 
and north and by July no part of the China coast from lat 13' 
to the gulf of Pohai is safe. In J uly and August the typhoons reach 
their furthest north, but by the end of August the tracks begin to 
move south again and the Philippines are in the danger area again 
in September. By October the Yellow sea and Japan are practically 
immune, but the coast of IndO'China remains in the danger area 
until January. The beginning of November marks the end of the 
typhoon season proper and die chance of meeting a typhoon between 
December and April is small. Fig, 39 shows the monthJv frequency 
for eight rectangles of latitude and longitude. 

Sorne of the gales occutring off China and Japan, especially during 
the Winter months, are due to depressions of temperature origin 
wd not to tropical revolving storms. Gales of this origin increase 
in frequency further north, until in lat. 4^1" N they may occur as 
frequently as lO days per month in winter. Typical tracks followed 
by the temperate cyclonic depressions are shown in Fig. 40. Most 
of the depressions affecting the main and southern islands of Japan 
have their origin in China. As will be seen from the dbgrams 
they are most frequent from December to June and are rare in 
July, August and September. The summer depressions rarely 
produce strong winds; most of the gales occur as a result of winter 
stonns. Near the coast the gale winds are from a direction north 
of west, for the cyclonic circulation is reinforced in rear of the 
centre by the strong outblowing monsoon. Further out to sea 
the gales are often from south of west. In the belt of prevailing 
WKterly winds gales become increasingly frequent with increasing 
latitudes (Table III, p. 96J —figures for .\uckland and Tatoosh 
island. 

Free Air Winds 

Fi^. 41-4 show that the prevailing wind, as shown by the average 
drift of middle level clouds, Is everywhere towards the w'est Within 
TO of the equator easterly winds continue to prevail at all heights 
up to at least 16,000 ft., though even on the equator {at Nauru) 
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westerly wincb occur occasioDslly {33% of winds at 6,000 ft.). In 
Kigber latitudes, however, an upper westerly wind (counter-trade) 
makes its appearance and becomes progressively^ more frequent, 
especially in winter, and is found at progressively lower levels as the 
region of the surface westerlies is approached. At Pearl harbour 
(20“ n) the easterly winds prevail up to great heights in summer, but 
in winter a counter-trade occurs from a westerly direction above 
10,000 ft. This is also recorded from Midway (S° n). At Tumila 
in Samoa (14° s) there appears to be a definite counter-trade current 
at 16,000 ft. 

The westward drift at middle heights is almost universal i but, 
during the summer monsoon of the northern hemisphere;^ there is 
a strong northward flow of air at these levels in the Western Pacific 
from the southern hemisphere tow'ards the Asiatic low-pressure 
centre. No such diversion occurs during the W'inter monsoon, 
when the air at middle levels appears to flow' westwards, over¬ 
riding the shallow current of the southward Aowing winter mo!iisoon+ 
Winds increase in force up to j,ooo ft. and then dediite steadily 
(Table IVp p. 97)* Three-quarters of the winds are less than 15 
knots (Beaufort force 4) j gale winds of 28 knots (Beaufort force 7) 
or over are rarci occurring chiefly in winter at heights of 1,500 ft. 
to 3,500 ft- 

TEMPERATURE 

Figs, 45 and 46 show the January and July mean temperatures of 
the sea surface and of the air above the open sea. The air tempera¬ 
tures are based on the night-time observations (2100 hr, lo 0300 hr*); 
the day temperatures would be only very slightly higher. The 
remperature of the air is slightly lower than that of the sea because 
the trade winds constantly bring cooler air from lower latitudes. 
The eastern side of the ocean is colder than the western^ because 
of the volume of cold water imported by the currents and winds 
setting equatorwards along the coasts of North and South America, 
and because the trade winds sweep the warmer surface tvaters con¬ 
tinually across tlie ocean from east to w^t- 

Within the tropics the variation of temperature throughout the 
year is so slight as to be negligible^ The average lempersture in 
the coldest month is seldom less than 78^* F* or in the hottest month 
more than Ea'' F* 

At the tropics the range has increased to about S'" F. (70“ to 78* Fp), 
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and by 40^ 2>r or 40^ & it may be 10° F., but is usually Island 

stations have a dightiy higher range than the open sea, e.g., Midway 
s) has a fmeumum in February (65* F,) and a maximum in 
August (78® F.), It is only where monsoon mf!uence$ are fek 
that the temperatures fall below 50° F.* c,g,, at Kagoshima (February 
45" F.p August So® F-). Winters here are unduly cold owing to 
the strong flow of polar continental air from the Asiatic mainland. 
The range of sea temperature is also large in these parts because the 



Fig. 45. Air md Burfaf:«--niiter tempermruiea : January 

The %irea on this and Fig. 46 diow degfeea FshrenheiL Figa. 45^ *re 
ba«d on ^ U.S. Hydrographic O^ce 'Climatic Fcatuiea of the Pacific 
Islands Region^ ATat^J Air PUot, no. 184 (Padju: p. 10. 

ara influenced by the cold current extends much further south in 
winter. The range of sea surface temperature off the southern 
islands of Japan b from ao*" F. to So'^ F., while in the Tsugaru straits 
it ranges from 40^ F. (Oya Sfaio water) to 68' F. (Kuio Shio water), 
^ong the Kurile isbnds the sea temperature b near 32' F., and pack 
ice b experienced near the etjast in the area affected by the cold 
Kurile current. 'I'he range of air temperature, like that of sea tem- 
perature b considerable in Japan. At Tokyo it ranges from 37' 
to 78® F, and at Nemuro, the most easterly point on Yezo, from 
22® to 63® F. It will be noticed that, though winter temperatures 
are very lenv for their latitude, summer temperatures in and off 
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Japan atit high becauisc the wind b ffom the ^uthHijast, off the warm 
waters of the Kuro Shio, 

The diumal range of temperature is very small over the open 
ocean berween the tropics and is small at island stations (usually 
about 8“ F.). It is sufficientp however, to produce land and sea 
breezes which arc described above. It increases with latitude i 
Hilo has a mean daily range in April of 13 5° F. (minimurn) and 
in Febnory of 15.5'' F. (maximum). In the monsoon region of 
Japan it is greater Still (^Fokyo* 17.6'^ F, in January, F. in July). 
I'his is the only place below 40^ latitude where extremes of heat and 
cold are experienced (Toltyo has recorded 9®"^ ^ 5 * 



Fig. 46, Air and surface-water temperatures ! July 
For explanation and aoutcc see Fig. 4J. 


where freezing point is reached or surpassed. On the islands within 
the tropics the thermometer never reaches 100' F. or falls below 
50" F, (1 able V. p. 98). 

rhe occurrence of hcav'y rains drives dowm the temperature t 
in the monotonously hoi dimates of the equatorial zone the thermo* 
meter may descend ta'* F. to F» in half an hour from this cause. 

Many of the islands rise to considerable heights and some of them 
have fair-sized areas where the temperature is profoundly modified 
by this fact. In calculaling the temperatures to be expected at high 
levels ihe usual formula {a'’ F. decrease per i,ooo ft.) works quite 
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wll. 33 b shown by the hgures for Nandarivaiu. Jn Fiji, and for 
Volcano Observatory and Humuula, birth in the island of Hawaii. 
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At air temperatures between 70* and 80' F. a relative humidity 
of 65% implies a depression of the wet bulb temperature of about 
8 F., 70% of about 7" R, 80% of 5* R, 90% of 2“ F, The average 
depression of the wet bulb in the area is between 7“ F. and 3*^ F 
but in the doldrums it may be only 1 » or 2“ R The average relativ^ 
humidity for each month at ten stations b given in Table VI (p, 99). 
From this Table it b apparent that almost everywhere throughout 
the Pacific the air, though hcavUy charged with moisture, has nearly 
alwajE a capacity for absorbing more, .-\scent and consequent 
cooling are necessary to bring about condensation and to produce 
ebud or rain. 

Summer h everywhere the season of highest humidity, being 
usually about 5% higher than winter. Greater contrasts, of the 
order of 10%, occur in regions influenced by the monsoon e g 
Guam and Manila, The nocturnal fall of temperature cause Se 
relative humidity to increase. To iUustmte this the figures for 
Honolulu, Guam, and Afiamalu (an unusually humid station 2 ooo ft 

m' v*! ^ S^ven for morning, noon and 

night in Table VI. The huimditj^ ,s g% or 12% less in the middle of 

the day tlan at night. The figures for Guam (0600 hr.) and Honolulu 
(2000 hr.), however, show that even at night the air near sea level is 
far from saturaied at most islands. 

In consequence of thisic low humidities the central Pacific is a 
region of bw cbudincss. averaging about 5/10, cumulus being the 
commonest type (Fig. 47). The blands in general show a higher 
cloudiness than the open sea, especially by day. This b to be 
CTpected, as the lower blands set up convection currents during the 
day rcsidting in an afternoon maximum of cumulus or cumulo¬ 
nimbus cloud, while the higher islands force ascent of the air. Many 
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of the higher islands in the trade winds have an almost permanent 
cloud cap caused in this way. The doud cap dwindles and may dis¬ 
appear if the wind drops (voL 11 , pp. 308). The lowest cloud 
amounts (4/10) occur in the areas under the influence of the tropical 
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Fig. 47^ finnu^ cIo^ieI amount 

Tkis figuiv h4i9 been oqnipulcd from ships" cstimatei. In general the afnminta 
of cloud reported for isUmd stadond higher dum thost observed over the 
open sea. Based on the U,S. Hydrographic "Climatic Features of the 
Pacific Islands Region^ Nm.'ol Air Pilots no. i8+ Islands) ^ p. 

anti-cyclones. Cloud increases totv'ards the doldrums ^vhere il exceeds 
6/to and (in summer) to^^'ards the west where the monsoons occur 
and the cloud amount also exceeds 6/io. The highest cloud amount 
occurs off the Peruvian coasts (7/10) and is due to the cold waters 
of the Peruvian current. The Pacific and its islands thirs enjoy, 
on the whole, a sunny clLimte^ experiencing 50% to of the 
possible number of hours. The average duration of sunshine 
is given below (in hours). 
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VISIBILITY AND FOG 

In this open ticeaft between the tropics visibility is generally good 
and often very good. Dap of 'exceptional visibility* exceed one 
in ten in many parts. Fog is rare and hardly any\%'here in these areas 
is it recorded on more than a% of occasions. Ma^ b a Uttle more 
frequent, hut even thb b reported on less than 3% of occasions 
ki the inland region. 

In two regions within the area Considerable fog develops: (i)ovcr 
the cold water that fringes the west coi ts of the Americas in latitudes 


Fig. 4Si Fejncentsi^ frtqutney of fog over the $ea in the north-west Pacific 
The pecked line repTCSenta a frequeiicy of t %. Are^ where the frequency 
exceeds jo% ire ^tippled accoitling to percentflee frequency. Bssed on the 
Air Ministry Meteorological Ofl^, Wither m China Seas md itt 
Wnitem Pari of the North Pacific Ocean^ vol. 1 , pt. x, pp* 148^ [London, 
mjS). 
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3o”-5o" N and 15^-40^ s ; (li) off JapaOj. whefc the cold mters of the 
Oya Shio or Kamchatka current chill the southerly winds in summer^ 
Thia h one of the foggiest regions of the woridp rivalUng the New¬ 
foundland banks. The foggiest region is off the Kurile islands, where 
fog ia recorded on 40% of occasions in J une. The area affected extends 
further south in the months of calmer weather (April and May) 
before the monsoon has gathered force- Fig, 48 shows the per¬ 
centage frequency in Aprils whcti the fog is furthest souch, and in 
June, when it is most se\'ere further north. 

Along the coasts of North and South America, washed by the cold 
currents, the frequency of fog is high (Sao Francisco has thick fog— 
visibility leas than 1,000 ft^—on 19 days in the year, Eureka on 
51 days), but the fog does not extend very iar out to sra. Juan 
; Feminde^p however, neariy 400 mdes from the coast, has fog on 
25 days a year. ''ITie high humidity in these regions causes doud 
to form readily at fairly low levels where the air is forced to ascend, 

for example, in the Gal^pagoSp where it h known as the^ariia. 

Figures for some stations in these foggj^ regions are given in Table 
j VII (p. 100). 

Fog may be practically neglected in the central Pacific. 

ItMNFALL 

The principal type* of rainfall between lats. 30* s and jo" s can 
be classified as follows * 

i. Convectioual rain in the doldrum belt of convergence of trade 
I winds. This lies generally north of the geographical equator;, 
especially in the Eastern Pacific* Its annual migration has been 
described above, and the rainy season is, in generaU the season when 
It oovem the particular station. The rainiest parts of the Fadfic^ 
e.g.^ the Caroline and Marshall islands, derive most of their prectpita« 
tion from this cause. 

z* Orographic lain from the trade winds. This occur* all the 
year round but is apt 10 be heavier in winter than InBuminer because 
the trade winds arc then stronger^ It ts chamctcristic of the higher 
islands on their windward side. Striking contrasts of rainfall occur 
for this reason on the windward and leeward aides of high isknds 
such as those of New Caledonui^ Fiji, Samoa and the Hawaiiaii 
islands. Waiawa (2* in,) and mount Waialealo (476 both on 
the island of Kauai, may be taken as the driest and w'ettest stations 
in the whole of the Pacific. 
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3. Typhoon or hurricane rain, occuirini? during ihe hurricine 
season (pp. 68-71), It can be excessive while it lasts, but is infrequent 
at any one station. In higher latitudes rain is due to depressions 
of temperate origin. This affects the coasts of China and Japan in 
fairly low latitudes during winter, but elsewhere is not usual below 
30® tJ or $. In the Lower Cook islands (lat. 20° s) some of the winter 
rain comes on westerly winds which are probably related to depres- 
sions, though this is generally the drier season. At Norfolk island 
in aq® s, winter rain predominates, as it docs in New Zealand. 
Midwwy has some depression rain in winter, while the koaa (meaning 
leeward or south-west) rains of the Hawaiian islands occurring in 
the winter half-year, though of short duration are very heavy. On 
the lee side of the islands (as regards trade win4s) the rainfall is 
normally very light, but a single kona rain storm, associated with a 

^ { ' - ' - ’-’- 



Fig. 49. Gencrallsecl gmnua] rainfidl 


The iiehyets are based on the average values ferj anniMl precipiiBtion 
mvaikbie for statiaiu where conaiscent ineHureiueAtg have been mode over 
* number of years. Based on the U-S. HydrojiRphic OfBce ’Climatic 
Features of the Padfic Islands Region’, Nacai AW Fii^, no. ]8+ {ForiJic 

p. 59^ 

depression to the north, may exceed the normal annua] total. The 
smallcLcss of the annual average, however, shows that Aona rain is 
exceptionaJ, 

Because of the variety of altitude of the islands and the conac- 
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qucnt contrasts in the amount of orographic mn ii i$ difScult to 
constTua isohyetd maps, but Fig. 49 gives a general picture of the 
annual distribution of rain. 

The heaviest riiinfjJI, in many pLat» exceed" ng 150 in,^ occurs 
along the equator on the western side of the ocean ^ including the 
Carolines and New Guinea. This belt of heavy rain branches to 
the cast into a northerly belt between 5® and 10® N (including the 
Marshall islands and Fanning) and a southerly branch betw^een 
10° and zo^ s (including the Solomon islands, EUke islands and 
Samoa). Betwwn these two arms there occurs, on and just south of 
the equator^ a remarkable wedge of low rainfall, with less than 100 
in, or* further east, less than 50 in, of rain. It includes Howdand, 
Baker, Malden, Christmas, Jarvis, the Phoenix islands and extends 
castivards to the Galapagos and the dry border of South America. 
Rainfall is, however, very \^riable in this wedge* and long wet spells 
may be experienced* during which the rain resembles that of the wet 
zones to north and south. Polewards from the wet belts described 
above, the rainfall diminishes towards the high pressure regions of 
the horse btitudes* but the decrease of rain is much less marked in 
the southern hemisphere than in the northern. Midway and 
Honolulu (lee side of Oahu) have less than 50 in.; no stations in the 
south show such lovv values, 

Stasonal Diitribution of Rain {Table VI 1 /^ loi) 

Nowhere in the central Pacific is there a rme dry season if monthly 
aver^es are considered^ but this does not mean that droughts of 
considerable duration are not experienced. On many of the islands 
the rain b unreliable and may fail in the drier season, so that long 
droughty spells occur. In the equatorial wet belt min is heavy at 
all seasons. But as go north or south into the trade wind zones, 
a drier season begins to appear; this is generally * winter * or ^spring’ 
in either hemisphere, the wettest season being usually late * summer * 
or * autumn^. Towards the poleward margin of the trade wind 
zone the rain is more evenly distributed throughoul the year and 
even tends eventually to have a winter maximum (e.g.* in the Hawaiian 
islands). Still further from the equator the winter maximum is 
emphasized by the oncoming of winter depression rain belonging to 
the edge of the depression belt. 

West of 150* E and north of the equator the effect of the proximity 
of Asia is felt^ and the regime is clearly abnormal, resembling that 
of south China. Subject to numerous exceptions we can there- 
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fore rccogtUJse five rainfall regimes as follows. Their distrihution 
and approximate limits are set out in Fig. 50^ 

I, Erjuatoria! wee xooe^ Rainfall is hea\'y in all months and there 
is no dry season (e-g-j in Jaluit)* 

a. Equatorial dry zoncn Rainfall is light and very unreliable* 
The diy season is from September to Deceniber, and the wet s^son 
from March to May (e^g., m hlalden island). 

3. Monsoon regime of northern hemisphere. ITic winter is 
relatively dry with a sumittet maximum. There is usually a slight 
failing off in July or August (e.g., at Naha). 

4. ^uthem t^misphere trade wind zone. Here b a bte summer 
or autumn maximum^ and a winter or spring itiinimum (e-g-i at 
Papeete). 

5. Northern hemisphere trade wind zone* The seasonal varia^- 
tion is slight, but there is a tendencj' to a winter maximum (e.g-, 
in the Hawaiian islands). 

InUnsiiy nnd Nature of Rainfalt 

The figures gi%'en in Tabic IX (p. 102) show that the amount of 
rain occurring on each day that rain falls b relatively high, exceeding 
0-4 in. at most stations. The rate of fall b lowest at lee stations 
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like Honolulu {o-z in*) where the total rainfall is low, and highest 
at scat inns in the equatorial wet zone (e.g., Jaluk). It increases 
with altitude fe.g., compare Honolulu and Tantalus i Wailuku and 
Xaenae valley; Apia and Afiomalu)* Added intensity is not, 
however^ solely responsible for the increase of rain with aftiuide^ 
rain is more frequent as well as heavier at high-level stationSp 

The most torrential rain is associated with tropical storms which 
will often produce iz in. in 24 hours; 24 in. is not uncommon and 
Baguio^ in the Philippines^ tJucc had 46 in* Orographic rains are 
often very heavy and continuous^ The kona rains of the Hawaiian 
islands (p* 82) also give very h^vy individual falls. 

The figures quoted above show: that periods of drought (months 
with less than 1 in. of rain) may occur quite frequently on all but 
the wettest islands in the equatorial wet zone (such as Jaluit), and 
in its southern extension (as at Apia and Suva). They also show 
that even in the wet season rains may fail to appear. December is 
the wettest month at Honolulu, with an average of over 4 m., but 
in fifteen out of fifty years between i886 and 1935 the rainfall has 
been less than 2 in* At the other extreme 16 In. was recorded in 
1927, Rainfall throughout the whole of Oceania is extremely vari¬ 
able, The greatest variations are found in the equatorial dry zone 
and on its borders. Ocean island had 178 jn* in 1919, but only 
14 in. in 1917^ Malden had 94 in. in 1914^ but only 4 in, in 1908. 
In the 21 years 1891-1918^ 6 yearn at Maiden had Jess than to in., 
and 5 years had more than 40 in. Figures of mean annual rainfall 
in such a climate have no meaning (voL 11 ^ pp. 458-9), In this 
region, w^hich lies between the trade winds of the iw^o hemispheres, 
rain is usually scanty with east or south-east winds, but when the 
wind drops or shifts to the Avest rain usually occurs^ often very 
heavily* Fanning island lies in the trade wind zone for part of the 
year and is relatively dry from September to November but comes 
into the calms from December to May (Table 1, p. gr), when it 
has its w'Ct season. In some years, however, such os 1907 and 1925^ 
the trade winds affected the island for most of the year and rains 
were scanty. 

The transition from the wet zones to the dry zone is very abrupt, 
and the change-over takes place in a vciy small distance from north 
to south. But although the boundary is normally about or 3“ N 
of the equator k shifts with the seasons, though still remaining 
abrupt. ITius at Christmas island anti MaJden (Table VIII, p. loi) 
the rains suddenly fall off in June as the' dry conditions supervene 
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and begin abruptly again, in January at Christmas Island and in 
March at Malden* movement of the boundary^ however, is 

not reliable and regular, hence there arises great variability near the 
boundary—e.g., in the southern IVIarshall islands. Table X {p. 103) 
shows the month-to-month occurrence of rain at Ocean isbnd and 
emphasizes ibe remarkable contr^ts. Evciy^ month has in one of 
the 27 years exceeded 12 in.* yet every month, except July and 
August, has at some time bad less than onc-thirdof an Inch, andthe$e 
two montliE have fallen below 1 in, at one time or another. The 
boundary between the dry zone and the rainy region of ibe souths 
cast trades is also debatable: the Marquesas lie near the transition 
hne. 

Thundmtonns 

In the centra] Pacific these are associated with the doldrum belt 
and arc most frequent in the season of calms in bte summer, which 
h abo the rainy season. The rain of this season is mainly of the 
instability type and the Lnstabilit)^ of the atmosphere Is often suflSclent 
to produce thunder, mostly at night or In the early hours of the 
morning. North of 15* N and east of 140^ w thunderstorms are rare, 
but they become more frequent towards the south*wcsl and are 
most numerous in New Guinea and the Solomon islands, where 
they may be expected on 10 per cent, to 15 per cent, of occasions. 
Frequencies for twelve stations are given in Table XI (p. 104). 

BiaL 10 GRAPHTC. 4 L NOTE 

Became of the diversity of polidcat eontml there is no complete collection 
of meteorological date apai^ from the British Air Minlatiy Meteorological 
Office (London, annually) ► A large quantity of climatic 

stad^tics 13 given by W. W. Reed, ^Climatologiciil Data for the Tropical 
talands of the Paciffe Ocran^ AfoitfAJy mpplemcnt tio* aS 

(U:S. Deputcr^t of Agriculture, Washington, The ^li dis- 

cuaslon of Facihe cLimates, together vHrh statisrica] mareriah ia given by 
G. Schott, *lC 1 Ifnakunde dcr Sitdace'lnscliiV ^Sandbuch dfr K^iFnaiotogi^t 
Band I%^ Tcil T (Berlin, 1933). Part^ of the Western Padfic are covered 
by : C. Bmak, ^IGLtnakimde von Hinteirndicn und InaulindeV Hirndbu^h 
dfr Kiimniftiogitf Band IVpTeil R (^rlin, 193 0 \ and .Air Miniistry Meteor¬ 
ological Office in the China Seos attd in the Fart ef the North 

Padfic Ocean, 3 vo!*. (London, 193&), Good charts, toge^er with statistic 
and a comincntary, ate contained in the TJ-S- Hydrographic OjFfice ^CJimaric 
Features of the Pacific TaUnda Region*, Nat*^ Air Pffor, no. 1E4 {Pacific 
Islands), 

A discussion of winds and rain-forming processes ia given by C. E. P. 
Brooks and H. Braby, *The Clash of the Trades in the Padfic Ocean*, 
Quarterly yoiimof of the Royal Mettarological torrefy, voL XLVii^ pp. t ff, 
(London, 1931). Rfli nf all is folly treated in G* Schott, ‘Die Jahrlsdien 
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NiedjcnchlA^tntjigw auf dem Indischeii imd SdUen Arttiaim 

4 er Hydrograp^ und matifimni vol. Ln (Berlin, 1933). 

The foUowCni^ publieadems give more deuikd tnfoimeiion ofi specif 
9 Tzm 5 or on pflrticulAr aapeOs of BadGc climAtea ; Admiimlty Padfi^ Itlands 
PitoK 3 voU, ( 6 th eilition. Loiidofi, 1931-3) I G, AngaoheUtcr, A Summmy 
0/ thf MftfQndosual Ohsmati^^nt 0/ the Samoa Observatory U^^raio) 
(Wdlington, 1924) i C. E. P. Brooks, ^Tht Ciimite of the Fiji I$lAndB^ 
Quarterly Jpurimt of the Royal Meteoroio^eal Sodety, vol. Si.¥i, p, 96-too 
(London^ i9m> j Colony of Fiji Ammal Meitoroiogteal Re^t (Suvm): 

L. H. E>Amgct6eldp ^Summary of Clofilitolo^cal Data of the U.S.A, Hnvgdi 
Scctkni^ USr Weather Buremi Summariat voL lll^ BuUetui W (Wasbrngfon, 
193.6) ; G. Helimatio, 'RegenfaO auf den Marqueus-lnsotei^ MeiewologiiA^ 

(Bnmswick* 1923); A. I Henry, ^Hawaiian 
Runfili, Monthly Weath^ Retiete, Vol. LM, p* to (IVaihingtoiip 1935): 
A. J. Hcniy^ ^Meteorological Data for Midmy Isboid^ MouiMy Weather 
Revteir, vol. Liii, p. 357 (Washington, tgis); J. B. Leigblyp ‘Mmucsm 
M eteorolc^ p Umvenity of Calijorma Publkatiom ta Geography, vol. Vt, 
no, 4(Beike]ey, 1933); Philippine Weather Bntemi AnnuidRep^ {M^h) - 

M. Pra^, Mcteorologie dtr Gilbert-Insclii’, Anttaien der Hydrographie 

w "S“- PP‘ 3 +®- 338 (BerJin, iqoj); W* 

neKn^Old, Mean Monthly Air Tmuport in the Nailh Pad& Ocean*, 
Gtn/ytif^ Pubtikqdimer, vol. w. no. i> (Oslo, t^za); R- Wcatemiann, 'Dcr 
mrteoroloRi^ Aquator tm StiUen Oaean', Ardm Jer Dtutfch* St«carte. 
vol. ^ix (Hamburg. 1906). ’ 
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CLIMATIC 'rABLES 

L Percetitage frequency of wind dievetijonj 
II. Pem-ntage freq:ucncy of nidvcc winds of difFcront velocity 
IIL Number of djiya with gdcs (28 knots or over) 
l\^ Avrtago wii^ velocity in knots si different heights 
V, Mouip cxtiernesp und tenge of tempemuirc 
VL Relative humidity (percenta^) 

VTL Number of days with fog 
VI11. Monthly means of rarnfall (inthca) 

IX. Amount of lain per rein day (inchoe) 

Monthly and yearly nunfel! at Ocean island (inches) 

Xl^ Number of diiindentonm 
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(™) Mildictn ( 4 *^ s, l 5 S*w), 1910-19 
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Based on: (1) G. Schott, ^Kliiniikiindt der SiMscc-]llsdll^ Haiidbiich 
der Ktimatotxigie, Band IV, Ttil pp, 99-101 (Berlin^ 1938) ; (a)—for 
Juan FemAndM^U^S+ Hydiognphic Office Smling Directions /tsr South 
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IL PmMlagt fr^qu^Ftey of luyfim winds of dijSfmtU v^ocity 
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CllMATE 



Based laritrtv on G. Scliatt, ' Klimakundc dcr Sadtce-Iniein’, Hundbiich der Klimalotogie, 

Bund tv, Teil T (Berlin, 1938)* 
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CLtMATE 


IX. of ram po" raitt day (wcA«)t 
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t A rain day fa* in Bcneral a day on which there wai 
a nLinfall of inore thiui 1/100 in. 

Coli^ated from G. Schott, VKJimakundc der Sadsec-Toseln/ Hotidhach 
drr KkmaJotogtt, Band IV* Toil T, pp. 92^, t&3-4 {Iktlm, 193&), 
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XI. Number of ihutuftr$(ortm 
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Boflcd on (i) U.S. Hydrographic Office, 'Climatic Feanim of the Pacific Inlands Region', Nitval Air Pilot, no. 184 (Pacific 
Ifiandt^, p, 63 ; (a) G. Schott, 'Kliinkunde der SudeeC'Inseln', Handbuch der Klmatolos*ft liitnd iv, TcllT, p, 104 (Berlin, 















































Chapter IV 

SOILS 


Soil Oevc^lopmcfit : Soik and Naianil Vcg)ctH^i;>ii ; Solk and Agricultufe : 
Soil Ettaiian t Dibliogniphjcal Note 

Th.^ soils of the Pacific blands are very varied, and impamn-t 
differcacca exist betw’een tliose of the *hjgh^ and those of the 
islands. In the ^high^ islands, especially tho^ which are volcanic^ 
there are often marked differences between the soils of neighbouring 
areas, both in appearance and in agricultural productivity. There 
are however certain characteristics, w^hich, spewing very generally, 
may be said to be shared by most of them. In the first ploce^ they 
are often loamy or clayey in texture and may become extremely 
sticky and slippery' when wet. In colour they art generally red 
(a future which may be noticed in Gauguin’s paintings of Tahiti) 
or yellowish^ though in some places the prevailing colour is dark or 
even blackish. Even in the luxuriant rain forests of Samoa and 
New Guinea the layer of dead leaves ts so thin that the bare surface 
of the Boil often shows through i the percentage of humus actually 
inoorporaced in the surface layers is also smalL Besides these 
visible characteristics, others no less distinctive are showTi by 
chemical analysis. The content of lime and other bases is generally 
small and in consequence the soil has an add reaction^ Often there 
is a defidencj' in plant nutrients in general. Contraiy to w hat might 
be expected from the luxuriant vcgctatioii. Pacific soils arc by no 
means always exceptionally fertile. 

These features are characteristics not only of the soils of the 
Pacific islands^ but of the moist tropics generally^ and to understand 
w'hy this i$ so it is necessary to know something about soil develop¬ 
ment. 


SoiL Develofme.xt 

Soils are formed by the breakdown or weathering of rocks or other 
mineral materials, a pmcess w^hich is long and complicated^ Climate 
and parent materials, the plants and animals living in the sod or 
on its surface, as w^ell as topographical factors such as slope and 
drainage, all play a part in determining its speed and final result. 
All these factors are interconnected ; now one, now another, seems 
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to play the leading part and we are compelled td regard all of them 
as forming a single very cotnple 3 t system in which no one factor 
can change without affecting the others. Because the parent rock 
is only one among a number of factors determining the nature of 
the soil, a soil map by no means coincides with a geological map; 
the soil map shows a relation as close or closer to a map of climate 
or natural vegetation. 

Weathering of rocks is of nvo kinds, mechanical and chemical. In 
mechanical weathering th* rock or other material is split into finer 
particles by agencies such as frost and sudden changes of tempera¬ 
ture, Except on the summits of the highest mountains, frost U 
unknown in the Pacific islands and diurnal and seasonal temperature 
changes are usually slight. Such mechanical disintegration as there 
may be is brought about by small burrowing animals and plant roots 
w'hich insert themselves Into cracks and so split the rocks apart. 
As in all tropical countries the breakdown of rocks is brought about 
mainly by chemical changes and in these rain water, with carbon 
dioxide in solution, plays the chief part. 

The mo^ important soil-forming materials in the 'high' btands 
of the Pacific are xolcanic deposits, lava, pumice and ash, and in 
New Guinea and the neighbouring Iirge islands, old Igneous and 
sedimentary rocks. To a much smaller extent soils are formed from 
transponed materials such as alluvium, wind-blown dust, and wind¬ 
blown sand.^ In all these materials the main constituents are complex 
silicates which can he hydrolyaed by water into less complex sub¬ 
stances, such as simple bases, silica, alumina, kaolin (hydrated alu¬ 
minium silicate), and iron oxides. These products, in their turn 
undergo further changes, while some constituents of the parent 
rocks, such as quartx (not abundant in most rocks of the Pacific 
islands) remain unaltered, or weather extremely slowly. Rain 
water can thus be said to act as a solvent on the rocks, though 
strictly speaking it first converts certain of their constituents from 
an insoluble to a soluble form and then dissolves them. 

From a geological point of view, weathering is a vety rapid process, 
but by the human time-scale it is slow-. Since the most important 
proceases involved arc chemical, ihc rate depends largely on tempera¬ 
ture, In a hot dimate, like that of the lenvlands of the Pacific 
islands, where the soil temperature is about 77“ F. at a depth of a 
y^ and vanes very little, soil formation goes on very much faster 
than m a temperate climate such as that of Europe or of the hith 
mountains of Hawaii and New Guinea, ® 
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Even after a mil has come into existence, weathering stUl con¬ 
tinues. Like an organism the soil develops and we can speak of it 
as being young and immature, or old and mature. The measure 
of its age is+ howev^er, not its actual age in years, but the degree to 
which weathering has advanced, or the amount of weatheniblc 
material remaining in k- Two soils of the same actual age may be 
at very different stages of maturity. In islands $uch as Samoa, where 
there are lava flows of many different ages, there are excellent oppor- 
tunides of comparing soils of different degrees of maturity derived 
from similar parent matermls under similar climatic conditions. 

Apart from temperature the climalie factors most influencing soil 
development are rainfall and evaporation^ or rather, the ratio of 
ralnfaU to evaporatiou. When rainfall exceeds evaporation, as in 
the wet zones of the Pacific islands, and provided that the soil is 
sufficiently porous, the movement of svater in the soil must be 
mainly downwards* the excess draining away to streams and rivers. 
The descending water current consists of rain w^ater—that b, water 
with air, induding carbon dioxide and nitrogen compounds, in 
solution. As the water passes down it takes up organic matter from 
the dead plants and animals at the surface, becomes richer in carbon 
dioxide, and dissolves small quantities of salts. ’'Phis very dilute 
solution acts on the rock beneath. Thus in a wet dimate there b a 
slow but unceasing trend towards soil impovciishraeot, which 
becomes much faster when the natural forest cover b removed to 
make way for cultivation. In Samoa the coconut and cocoa planta¬ 
tions, especially on the more mature soib* already show* a slight but 
significant fall in piodijctivity^ which b probably Largely due 10 loss 
of plant nutrients from the soil. Ihe comparative fertility of the 
volcanic bland$ generally is due to the prevalence of young little- 
weathered soils. 

The primary products of weathering arc removed in order of their 
solubility. The bases begin to go first because they are the most 
soluble constituents i they arc wadted from the upper into the lower 
layers of the and are eventually carried aw^ay with the drainage 
water, though for a while they may be retained by adsorption on 
humusi or other colloidal substances such as clay particles; the soil 
in consequence becomes more and more acid in reaction. Later 
the silica, alumina and Iron oxides may follow suit, but the order in 
which they are removed depends largely on the amount of organic 
matter carried in the soil tvaler. In water containing large amounts 
of organic matter, alumina and iron oxides are more soluble than 


SOILS 


io8 

silicn, thus siilica reioains behind and alumina and iron oxides are 
carried down into the deeper bycre. Under these conditions the 
mature soil consists largely of silica and owing to the loss of iron 
oxides, to which most soils owe their colour, it often has a bleached 
or whitish appearance. In water containing little or no organic 
matter silica is more soluble than alumina and iron o.xides. Silica 
is therefore carried down w'hik, as the soil matures, it tends to consist 
more and more largely of alumina and iron oxides, the latter giving 
it a red. yellow or brown colour. The process by which alumini 
and iron oxides are removed preferentially, leaving silica behind, is 
called podzolisation', the opposite process is latmzation. The soils 
ultimately resulting from these processes are respectively called 
pOiSssols and fufenfet. Liaterites arc bright red roch^lihe soils coO'' 
sisting of little more than aliunina and iron oxides. They are highly 
infertile, but fortunately do not seem to he of CQuimon occurrence, 
at least in the Pacific islands. Generally the process of lateriaation 
stops short of true lateritc and then the mature soil is termed 
hierilU. The progress of bterization can be measured by deter* 
mining the ratio of silica to alumina and iron oxides in the clay fraction 
of t he soil. 

The amount of organic matier in the soil water, which thug hag 
such an important effect on soil development, is mainly a function of 
temperature. In a well-aerated soil dead leaves and other organic 
remains arc acted on by fungi and bacunia which gradually convert 
them to a mixture of substances, usually black or brown in colour, 
known as humus. In course of lime the humus itself is attacked and 
converted mainly to carbon dioxide and ivater, any mineral matter 
in it being set free in the soil. The amount of humus in the soil 
depends on the balance between the rate of formation and the rate 
of breakdown of organic matter. The iclaiive speed of the two pn>- 
t^aes depends on the temperature; Where it is high, as in tropical 
lowland soils, plant growth is rapid and dead plant remains are added 
to the soil in great quantities; on the other hand, the high lempem- 
ture ^ accelemtes the action of micro-oiganisms so that the plant 
remains are broken down as fast as they are deposited, ft is found 
that at a temperature of 77" F. or higher, under conditions of good 
aeration, Ae bre^dovm processes overtake the formation of organic 
matter; in praedee this does not mean that there is no humus at all 
but the quantity is relatively small Below 77® F. the rate of produce 
tiori of organic matter exceeds the rate of breakdown and humus 
tends to accemulatt- 
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WTiat has just been said is true only as long as the soil is well 
aerated. When it is badly aerated, that U to say, when there is a 
defidency of oxygen, as when the soil is waterlogged, the activity of 
the micTo-organbms b hindered and humus may accumubtc even at 
temperatures over 77"^ F, This is especially Liable to happen w^hen the 
ground water is exceptionally poor in lime and other bases^ as when it 
drains rocks init ally very poor in these substances. In the lowlands 
of New Guinea under such conditions humus may accumulate to 
such an extent that byers of peat are formed, sometimes tmuiy feet 
thick. 

In the lowlands o-f the Pacific islantb, then* except in certain 
types of sw amp* the soil contains very' little humus and the descending 
current of soil water will be deficient in organic matter. If this is so* 
s Itca* as has been shown, will be removed preferentially to alumina 
and iron oxides; the dominant soil-forming process will be iateriza- 
tion. This is well shown in Samoa where the percentage of silica falb 
from over ao% in the yonnger soils to under 3% in the older. The 
Jateritic soil formed under a high and wdl distributed rainfall is 
known as a tropical red caitb. This is the characteristic soil type 
of most of the region of the earth in which the natural vegetation 
is tropical rain forest (p, 136)* Where the rainfall h particularly 
heavy and there is practically no dry season, latentic soils are found 
which arc yellowish or brownish rather than red ; these soils do not 
differ chemically from the tropical red earths, except in the higher 
degree of hydration of the iron oxides. In some places w^here the 
colour of the soil would be expected to be red it is masked by special 
constituents ; thus in Oahu (Hawaibn islands) the soil is purplish 
owning to the abundance of manganese. 

In the higher mountains of New Guinea and the iiavvaiian islands, 
and doubtless on a smaller scale in the higher parts of the other 
*hjgh^ islands^ there are areas m w^hich the mean annual temperature 
is less than 77* 1'., so that humus accumulation becomes possible 
and po<l>;olization becomes the chief soiFforming processi. Podzols^ 
similar to those found in other cool moist climates, for instance in 
northern FuropOf are found in the mountains of New' Guinea — 
e.g.p in the upper Ramu valley (approximately 9,000 ft.)—and similar 
soils probably occur in Hawaii. These soils are naturally acid and 
very poor in plant nutrients i thist in addition to their inaccessible 
situation* makes them unsuited for the cultivation of ordinary' crops. 
Where ihcre is a combination of low temperatures and bad drainage, 
as in the Abkai swamp on Kauai (S»O0O ft.) and on other ‘summit 
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bogs' of the Hawaiian tsbnds, peat accumulates, as in some lowland 
swamps. 

So far we have considered only those parts of the ‘high* islands 
where there is a heavy rainfall, and where the yearly total greatly 
exceeds that lost by evaporation. In the dry zones of Fiji and the 
Hawaiian islands, and probably in New Caledonia and the dry areas 
of New Guinea, conditions are very different. There is a low rain¬ 
fall, in same places well under 30 in, per year, and it is probable 
that for at least a laige part of the year evaporation exceeds precipita- 
tion. This entirely alters the conditions for soil development, 
as there is no longer the continual downward stream of water in the 
soil and the tendency for soluble substances to be lemoved is much 
less. The resulting soil is red to brown in colour: it is much richer 
in bases than the wet zone soils and is therefore neutral or alkaline 
in reaction. The so-called ‘reddish brown' and ‘red desert' soils 
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tion maps of individual Islands (vo!. 11 , Figs J04-9)t suid the distrLbu^ 
lion of ^aterttic, mixed laterinc and alluvia] sods, and reddish-brown 
and red desert soils, with the map of irrigated areas in the same group 
(voL II, Fig. 103). 

In the coral Islands soil development has been little studied. 
Here the climate is in general drier than in the ^high' islands and 
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Fig. 52. Iminiituie and mature soil profiles ui fhe Factfic Lailiuida 

j. Fanning island, ecniral equatorial ialands. An immature soih formed 
under a moderately wet cLimatc i patent matcriaii f^oml limestEi^nc. h 
0-10 in.p daric brown soil mostly composed of con] and shell frai^eats of 
avenge diameter 0.4-^.b in. ; II, 10-17 light bro^n soil mostly com¬ 
posed of C50ral fragments of a^^rage diimiEtier o.a in. ; Ilf, 17-31 white 
hard pan of ciJciiira carbonate of vuriable depth and thickness^ IV» 21 in., 
w^hite coral fragments^ 

2. Salc^oa, Western Samoa. An immature soil formed under a wet 
climate i parem material^ volcanic rock (young Uva Row). 'Fhe soil k stony, 
but hiiriy deep and b agdculturally productive, h o t* b-9 in., dark yrllDw- 
black^bnywn stony loam with good crumb stnictum * Ih ^ in., dark red- 
browTi-ycllow, very free stony sandy loam. Soil reaction neutral at all levels. 

2 * Tiol^ Western Samoa (altitude 2,250 ft,)- A mature soil formed under an 
excessively wet climate; parent material, voIotiic rock (old lavn flow^)^ 
.4 deep soil, but much Itis ferule than 2^ I, 0-3 in.* blacfc-^brown-yenciw 
Khcky clay bam, acid in reaction (pH 4.9)- 3-21 in., dark bmwn-orange 

sticky clay loam t acid in reaciion (pH 5,8) J Hi, 21-27 hi., compact dark 
yellow clay loam ; IV, 27 in,, ieddish brown compact clay loam. 

Profile 1 i$ after E. Chrisiophcrscn* 'Vegetation of the Pacific Equnlonol 
Islands^ Bfrmcg A Bkhop Mitseam Btdirfm, no. 44^ p. 39 (Honolulu^ 1927); 
proHles 3 and 3 are from data of W. H. Hainilton anti L. I. Grange* 'The 
Soils and Aghckiltum of Western Samoa'* Nm Zealand Jatfmai 0/ iSciWre 
and Teehmiosy, voh six, pp. 393-634 (WclUngtcpn, 191^)- 
























112 


SOILS 


the parent material, coral rock, is peculiar, consisting of little eUe 
than carbonate of lime. Often there is Little soil of any kind, what 
there is being sandy or gravelly in texture and full of limestone 
particlea (Fig, 52). The tendency to loss of bases is less Important 
here, but the thinness of the soil and its excessive porosity make it 
unfavourable for plant growth. On Manihiki (Cook blands) the 
inhabitants even find it worth white to import soil by schooner from 
Rarotonga for vegetable growing. Where the climate is wet and 
has had long enough to operate, as on Niue, an upraised coral island, 
a yellowish brown latcritic clay swl is developed, which though rarely 
more than 6 in, deep, is not essentially different from soils developed 
from other parent materials under similar dimates. 

Soils and Natural Vegetation 

In England and many other parts of the world the correlation 
of soil and natural vegetation is so close that the vegetation is 
generally a sure index to the type of soil. In tropical countries the 
influence of soil on natural vegetation is less striking, though each 
of the main types of soil is associated with a type of vegetation— 
for instance, tropical red earths with tropical rain forest, podzoh 
w'illj montane rain forest. The reason for this is not difficult to 
understand; the influence of the climate is so powerful that it tends 
to over-ride differences of soil due to different parent rocks. The 
importance of soil in dcicrniining the type of natural vegetation in 
the tropics, must not, however, be under*estimated. In the Pacific 
islands the correlation of soil and natural vegetation has been little 
studied, tliough the difference in vegetation between volcanic and 
limestone areas is obvious to anyone, especially in islands like some 
of the I'iji group where limestone and volcanic rocks arc found side 
by side. Other examples of the influence of soil on vegetation will 
no doubt be shown by more detailed studies in the future. 

Soils and ,\GRtcuLTi.'StE 

When the natural vegetation is destroyed and replaced by an agri¬ 
cultural crop dilTcnenccs of soil which showed little clf^ on the 
nauiral vegetation may take on great importance. The appreciation 
of these soil differences and their effects may therefore decide the 
success or failure of the crop. To understand why this is so, it is 

necessary to consider the relation of vegetation to soil a little more 
closely. 



PiaiL‘ 3^, I^ach s'eeetatinn* Mun^aruva 

This vj^w shnws the ^un^iiT nf the enrai rubblt dnm fnmicil fnm\ the crvided 
reef flat. 



riutc 33. VtKctaiinn cif Bilker inland 

'rhiR i>;h«>^ !> the typtcal vt-jj^tatiuii of a coral kEand jn the centnd et|uaiorial area. 
The planlft are i^epliiruf rrpftris (a wr«i.s^), friramfr^t anil 
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it is a remarkable fact, and one tvhich is %'ery disconoertmg for 
the agriciiliurbt* that a soil which under naiurai conditions bears 
a luxuriant rain forest, when cleared and cultivated may give good 
crops for only a very few years, or may prove a failure from the 
start. The explanation lies in the fact that the plant nutrients, such 
as salts containing calcium, phosphorus, potassium, etc., on which 
soil fertility largely dependsp constantly circulate between the plants 
and the soil These plant nutrients, as has already been shown, arc 
among the most soluble prodijela of weathering and therefore the 
most easily lost. In a damp dimatc the descending w^ater currents 
in the soil continually tend to wash these soluble materials from the 
upper to the low^cr layers of the sod, where they may be out of reach 
of the plant roots. Eventually they are lost in the drainage water. 
Where there is a covering of natural vegetation, for instance a 
tropical rain forest, a large proportion of thtrse nutrients are taken 
up by the plant roots immediately after they arc set free by weather- 
ing. Part is also held by adsorption on the humus and colloidal 
clay particles. \V hen the plants shed their Icares or die, their dead 
remains arc converted to humus and the mineral nutrients are again 
set free in the soil, 'Pherc they are immediately taken up again by 
plant roots or adsorbed by colloids- Thus after they are liberated 
from the rocks the mineral nutrient substances are always circulating 
from soil to plant and back again. Only a small amount is lost in 
the drainage w^ater and this is made good by fresh supplies set free 
by weathering. There is thus a nearly perfect equilibrium betw'cen 
vegetation and soil, an illustration of the statement made earlier that 
pliinis and soil form parts of a single interconnected system. 

When the forest is cleared to make w^y for cultivation this equi¬ 
librium is suddenly upset. The felled trees are either burnt or left 
to rot. Their remains are rapidly converted to humus by niicm- 
organisras and the humus itself is broken dowm to carbon dioxide 
and water. When die soil surface is exposed to the direct rays of 
die Bun, its tempemlure rises and die breakdown of organic matter 
is so accelerated that ihe small amount of humus previously present 
in the soil soon disappears, 'fhe net result of all this destruction of 
organic matter is that most of ihe mineral matter which w^as safely 
locked up in living plant tissues and in the humus h suddenly set 
free. As one writer puts it: * The entire mobile stocks of mineral 
nutrients are put into liquidation and, as is usual at a forced sale, 
give-away pric^ and the advantage reaped is by no means 
commensurate with their value.' The sudden release of mineral 


SOTLS 


114 

matter may mean that very^ good crop^ can be obtained for a few 
seasons^ but 33 the arc gradually washed away by the 

rain and removed in the erop^ the soil becomes less and less fertile 
until it becomes unprofitable to cultivate. 

It is easy to understand why the native agtacuJturist prefers 
the estremely destructive system of shifting cultivation in which 
only a very few crops arc taken off the same piece of ground. Much 
European agriculture in the tropics has been little more permanent ; 
the forest has been cleared, the mincml capital of the soil consumed 
in a very few yeans and then ilie bod has l>cen abandoned. I^Iany 
agricultural areas in the Pacific islands, including large parts of Fiji^ 
Samoa and Hawaiir appear to be able to maintairi their fertility 
for lung periods, apparently mdcfinitely* "ITiis fortunate state of 
affairs b due, as we have seenp to the presence of young soils still 
rich in ivcathcrable materials from which calcium, potassium and 
other plant nutrients can still be released. In some plantations in 
Samoa^ especially on the more mature soils, there has been already 
a slight but significant fall in productivity which is probably due to 
the loss of plant nutrients from the soil. Thb loss of nutrients 
goes hand in liand with lateriaation and it has been found that crop 
yields are in direct proportion to the percents^e of silica in the soil 

The European agriculturist has the advantage over the native in 
that he understands the use of fertiliters and within limits can 
compensate the natural deficiencies of the soil. Soil research in 
the Pacific islands has been mainly concerned w ith detecting and 
measuring mineral deficiencies in agricultural soils in order to apply 
fertilizers in the moat economical way. One of the most common 
needs of Pacific soils is lime, and liming, often gi^en in the form of 
dressings of coral sand, is a standard method of treatment. Lime 
has a number of different effects on the soil ; it releases potassium 
and other ba^s by the process of base exchange, it improves the 
texture of many soils and it neutralizes acidity. With lime, as with 
other fcrtilbers, the treatment has to be suited to the requirements 
of the particubr crop. Most tropical crops grow bettor on neutral 
or slightly alkaline than on acid soils ^ the banana^ for inslatiee, 
becomes liable to Panama disease under acid conditions. Tcap 
however* likes an acid soil and is injured by liming. Even when 
the fertilizer requirements of a soil arc known, problems may 
tcrnaln. For instance, Hawaiian soils have a remarkable power of 
fixing phosphate fertUizers, that b, they convert them into a form 
in which they are not readily available lo plants. 
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Spil aniilysb sometimes Teveals the presence in the soil of con¬ 
stituents poisonous to plantSi the ill effects of which can be neutral¬ 
ised by suitable fertilisers, ^riitis on some very acid Hawaiian soils 
crops are sometimes injured by the toxic effects of iron and alum^ 
initirn^ I'he soils of Samoa contain abnormally large amounts of 
chromium which is known to be toxic to plants; it has however 
been shown that the ohromium is in an " unavailable ’ form and it is 
therefore unlikely that it causes any damage^ 

SotL Erosion 

One of the chief problems ^ of $oil utilisation is that of soil erosion. 
Under a covering of natural vegetation the soil b protected, but 
^\Hen the land is ctiltiv^atcd tlic surface is exposed to erosion by 
rain and wind. The finer particles of soil may be carried away so 
th it the texture of the soil becomes more and more sandy, or the top 
so I mav be remov-d bodily, together with its humus and other 
\^uable constituents. In extreme cases the whole of the soil may 
disappear, leaving only the bare tock^ Often the land becomes 
carv'ed into deep guUeys down which floods pour during storms ^ 
spreading mud over roads and flat land. Though generally erosion 
13 economically disastrous,! ft occasionally has compensating adv^- 
tages. Thus on the Ewa sugar plantalions^ on Oahu, ^00 acres of 
new^ and fertile cane land have been built up by leading flood water 
containing soil washed off the hills through specblly constructed 
drains on to the coral plain ; in. of new topsoil have been spread 
over 140 acres on which cane previously grew badly owing to the 
thinness of the soil. 

In the islands, with their steep slopes and heavy rainfall 

(much of it in the form of torrential downpours), condittons might 
^ expected to favour erosion, but for a number of reasons damage 
has not so far been as serious as in many other parts of die world, 
though in limited areas ft has been catastrophic. In the Hawaiian 
islands there has been great damage in some places; on the bland 
of Kahoolawe, for example, almost all ihe soil has been lort, mainly 
by Wind erosion of soil exposed by overgraxlng. In Fiji much 
erosion has taken place—in the Kaloba area of Viti Levu 2 ft. of 
sod have been lost in five years—but erosion b not as yet a major 
problem. Overgrazing has led to disastrous erosion in the Mar¬ 
quesas, notably on Eiao, where after heavy rain streams of muddy 
^vater pour into the sea, carrying away hundreds of tons of soil. 
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Th^ speed and extent of erosion depend on many factors. Besides 
the slope and the quantity and character of the rainfalh the texture 
of the soil itself is intportant, Hawaiian soils are mostly so perme* 
able that the rain quietly penetrates and there is little runoff, 
hence there is much less erosion than might be expected. The 
underlying rock is also a factor; thus the soapstones of Fiji aft 
slippery when wxt, so there is a tendency for the w hole mass of 
soil to slide off- 

The nature of the $oil covering is of great importance. Different 
crops and methods of cultivation mate a great difference to the 
amount of erosion. In the sugar-cane fields of Hawaiit for instance, 
there b comparatively little erosion, because the cane plants tend to 
hold and protect the soil and because the soil is loosened only vfhen 
it is deeply ploughed, once in lo to 12 years. Pineapple cultivationp 
on the other hand, is more harmful. The cover b less good and it 
is a common practice to plough the land in straight lines which may 
run perpendicular to the contours, so that the furrows form channeb 
for flood water ; also the land i^ cultivated m three-year cycles* 
with fallow' periods of 6 to 9 months betweeUt during which erosion 
has free play. Grassland is subject to erosion only if it b too heavily 
grazed and the grass co\^ering wears thin. In many of the Pacific 
islands ertjsion has resulted from overgrazing by domesticated 
animals such as sheep and pigs which have run wild. 

Though soil erosion has not yet become an urgent problem in 
most Pacific b 1 ands« it is likely to become so vety soon, as the amount 
of Bgricultural land b not large in relation to the needs of the popula¬ 
tion. Only in the Hawaiian bknds have energetic steps been taken 
to check erosion. Among the more important measures that can be 
adopted are changing from straight-line ploughing to ploughing 
along the contours, using a rotation of crops so as to eUminale a 
fallcw peiiodt and reducing the overstocking of pastures, 30 that 
each area of grassland can be ' rested * in turn. Where the covet¬ 
ing of plants has been destroyed a new cover cm be provided: in 
Hawaii the introduced afgaraha tree (Priis&pis} and certain grasses 
have been very useful for colonizing badly eroded land. Where 
gully erosion has taken place channels for controlling the run-off 
must be made, check-dams constructed and trees planted on denuded 
areas. 

Erosion control involves difficult problems of administrahon and 
agricultural education. It b greatly affected by the system of Land 
tenure. Where the land b culti^^ed by a tenant who can easily 
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move to fresh ground when the productivity of the soil b exhausted 
there is no incentive to tmublesome measures of soil conservation. 
In I la^^'aii, when puhhe land b leased to stockmen^ it b now custo¬ 
mary to itisert a ebuse in the lease requiring the tenant to remedy 
and prevent soil erosion^ 


BIBLIOGRAi^HICAL NOTE 

SCiinty litctaturt on the soils of the Pacific islautis oonsiAts mostly of 
articles in specialist JoiiimBis of which the fofioFwing are the mofit useful t 
9 number of short papers by W. J. Blmclue in the Fiji Asrimliural 
voL vni (Suva^ l ChtistopherBcn, ^ Veg^tion of the Padfic 

Equatorial Islajids^ BrrmM P. A/iuetim no. ^ (Honolulu, 

19^7) j J* W+ Coulter, * The relation of soil erosion fo land utilixatioii in the 
territory of Hawaii^ J^o^^dings of l/*f Si^iih Pad fit; Sdrncc Congrai, vol. iv, 
pp. 897-001 (Berkeley, 1940} j a number of short desenptions of soil profilea 
in New Guinea, by J+ S. lioaking tn the New Guinea Agriadtural Gazette, 
vote. IV and V (Rabaul, V W, M. Hamilton and L. I. Grange, * The 

soite and agriculture of Western Sarnoa% Zeahmd Jfaumal of Sdtme 
and 7 'echndogy^ voh XDCfc pp. 593-614 (Wellington^ tgjS) ; H. W. Jadtp 
^ Soil etxmon*, Hji Agri^turai ytmwnal, voh vm, pp. 4-7 (Su^^p i 937 )- 
.4 Handbook on Jimzfaiian Soik by W. W. G. \Ioir and others (A*st>ciation 
of Hcm'aiian Su^r Technolosj^, Honolulu, 193s) b a comprehensive 
account of the soib of the Hawaiian tel^ds, mainly in relauofi to aupr-cane 
cultivation ; it has s full list of literature up to the date of publii^tjon^ In 
cddldun mention should be made of E. C- j. Mokr^ * Tropical Soil Focming 
Processes and the Development of Tropical SoiU, with special rereiencc to 
java and Sumatra ^ (mimeographed translation by R. L. Pendle^n}, GoUeg^ 
of Agricidtiire, Univertity of the PhiUppiHet, Expmtnent Station Contribuiion^ 
no. 655 (Atonila, i930)p much of which is applicable to the soils of the 
Pacific iaLands^ 
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General Featorci : Types of VeRetotign ; Co^stsl Ve^ptaiion : Vegetation 
of Comi Ealnnds : Yegctatkin of ^ ’ Islands t History of iJie VeifetMion : 

Kotes on Common Plants i Note 

The island? of the Pacific enjoy a tropica Ip or at least a sutHtropical. 
chmatt and for the most part have the perennially grcenT almost 
overpoweringly luxuriant vegetation characteristic of the wet tropics. 
The leeward Hawaiian islands in the norths Juan FemindeZp E^er 
islandp the Kermadec islands, etc., in the south, lie^ it is true^ well 
outside the two tropic?, but their cHmate is so nearly tropical that 
their vegetation is not funclamcntally different from tliat of the 
i?land? nearer the equator. 

GENERAL FE.\TURES 

So far a? pUnt? are concerned, the chief features of a tropical climate 
are a constantly high temperature, with little seasonal change, 
combined with abundant rainfall well spread through the year. 
Under such conditions plants can grow^and reproduce at all season^, 
and where the natural vegetation has not been modified by man 
and his domestic animals, forests of evergreen tree? are the rule* 
In some parts of the Pacific, c.g., the drier parts of New Guinea and 
Easter island, the present-day vegetation is not evergreen forest, 
but grassland or savannah ; it Is probable, however, that here too 
there was forest in the not very^ distant pa?t. In the serpentine 
region in New^ Caledonia there b much low scrub in wliich trees 
apparently cannot grow; this seems to depend on a combination 
of a porou? soil with a comparatively dry^ climate. Nowhere in the 
Pacific islands arc there deciduous forests shedding their leaves 
regularly in the dry season like the teak forests of Burma and the 
south-eastern Malay archipelago. 

Though the vegetation of the Pacific look? much the same at one 
time of year as another, many of the plants show slight seasonal 
changes. In Samoa, for instance, where there is a difference of 
only a little more than a® F. belw'cen the mean tempciature of the 
hottest and the coldest montli, many of the trees have definite flower¬ 
ing seasons. In the New Hebrides and Tikopia, the fiowering of 
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Eryilintta ittdim telb the natives when to plant theif yarns. Though 
there are no deciduous forests, m^iny lndi%'idual species of trees 
shed their leaves at regular or Irregular intervals. 

Apart from the tropical cllimtc the chief factor in the Pacific 
which has influenced the vegetation is the fact that the land area is 
composed of a large number of widely separated varying in 

sht from almost continental New Guinea to tiny reefs and atoUs 
on which a handful of plants itiaintain a precarious footholds Since 
for most plants it is much more difficult to spread across wide 
stretches of sea than across the land, the isolation of the Pacific 
islands has had important consequences for their plant life. In the 
first placCp though it w^ould be difficult to give even an approximate 
estimate of the number of plant species in the Pacific islands, there 
is no doubt that* if the great island of New Guinea b excluded, the 
total flora is poor compared Arith that of tile other great tropical 
regions. 'ITie flora of individual islands or groups is not large even 
by European standards; compared AA-ith similar areas in Mabya or 
tropical America it is extremely smalL Thus New Caledonia has 
about 3*300 apedes of flowering plants and the Hawaiian islands 
about 850, compared Avith some loOo in the British Isles and oA^er 
10,000 in Borneo. 

A second consequence of isolation b the large number of endemic 
fipecieSfc that b^ species found only on a single island or group of 
islands, as for instance the palm JttuFiia auslratis found only on 
Mas-5i-tierni(Juan Fem^dcii) and the remarkable tree Fitdtm which 
is found nowhere in the world except in Rarotonga and the Sodetj' 
islands. Some endemics are believed to be ne^yly evolved species 
which have not yet had time to spread* others arc probably very 
old species Avhieh have died out everywhere but Avhere they are 
noAV found. A high percentage of endemic plants and animals is 
characteristic of remote islands and isolated mouniain tops. In 
New Caledonia about 77% of the floro b endemic, in the Hawaiian 
islands about 70% ^ though in most of the high blands the propoition 
of endemics is not as high. 

The Pacific islands are so varied in character and arc spread over 
so large a part of the earth's surface that their vegetation would also 
be expected to be extremely varied^ On the w^hole, however, the 
difierences in the vegetation between one part of the same island 
and another are often more striking, at least to the non-botanist, 
fhan those beLween very widely separated islands. For example, 
nothing could look more different tlian the sun-baked grasslands 


120 


VEGETATION 


on the leeward side of Viti Lcvu in Fiji and the permanently taoht 
evergreen forest on the wind^vard side. On ihe other hand the 
vegetation of two atolls thousands of mi lea apart may be <?3ttremdy 
^•milaT, and the rain forest of Joan Fernandez is not very diiTercnt 
at first sight from tliat in the Kermadccs, some 6^000 miles a%va>% 
In general, as in the examples just given, differences or resemblances 
in vegetation depend on difference or sicmlarity in total rainfall, 
though in New- Guinea and JIaAvaii where there are mountains 
reaching the region of perpetual snow, or very' nearly ao^ there axe 
striking altitudinal differences in A-egelation depending on tempera- 
ture as Avell as rainfall. 

In all the inhabited islands, in addition to the native plants, there 
are introduced species brought in by Europeans or by the native 
iphabitants. Some of these introduced species are cultiv^cd pbnts, 
many of which have run wild and maintain themselves unassisted ; 
others are weeds introduced unintentionally. The introduced 
flora has often proved aggressive and ousted the native flora over 
large tracts of country. Thus at low altitudes in the dry zone of 
Oahu in the Ilaw^ian islands the introduced plants have almost 
completely exterminated the native flora, and in many Pacific islands 
the visitor could spend a long time without seeing a single truly 
native plant. Usually, but by no means always^ the native and 
the introduced floras do not mix, but occupy separate areas. 

Broadly speaking the native ilora of the Pacific islands (cKcept 
that of groups like Juan Femindez and the Golapagos, which Lie 
close to the coast of America) consists mainly of species Avhich are 
cither identical with species of the Indo-Malayan region (south¬ 
eastern Asia and the Malay archipelago), or are clci^ely related to 
such species. There is thus good reason for believing that the 
majority of Pacific island plants or their immediate ancestors immi¬ 
grated at some period from the w‘c$t. 

Though the flora of the Pacific has mostly comt, recently or in 
the very' distant past, from elsewhere, it is not Avithout its peculiar 
forms of plant life, some of which are as remarkable as those found 
in any region of the earth and arc very different from anything 
knoAvn elsewhere^ The first place among these must certainlv be 
given to the grotesque tree L&behoideo^, mc^t of which arc confined 
to the Hawaiian isl^ds. I’hese plants are related to the small blue 
Lofrefjfo of English flower beds, but here they are trees, in $ome 
species 35 ft. or more high, "rhe long narroAv leaves are usually 
borne in % tuft at the tip of the otherwise bane branches, together 
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with the show>* blue, purple or whitbb flowers. Mention $bould 
also be made of the araucarias (related to the Chilean monkey-puzzle 
of English gardens), and other peculiar conifers of New Caledonia 
and New Guinea. One of these, A. coiumrforis {A^ Cookii) gave its 
name to the Isle of Pincs^ and the appearance uf the tall unbranched 
trunks is so odd that when the botanist Forster saw them from hU 
ship on Cook's famous voyage he mistook them for basalt columns 
(Plate 4S). 

As well as these plants^ which are not native outside the PHciiic, 
there are some other remarkable-looking plants which the Pacific 
shares with other parts of the tropics. There are* for instance, a 
wealth of tree ferns and palms, the screw pines {Fandanus) with 
their queer twisted appearance and cone of prop roots (Pbte 52)* 
and the banyan figs, vast trees with a wide-spreading crotvn sup¬ 
ported on a mass of descending aerial roots (Plate j6). In New 
Guinea^ the Carolines and New Caledonia are found the curious 
and beauUful insect-eating pitcher plants, Nepenifm. Afyrmecadia^ 
an extraordinary plant with a swollen stem inhabited by afita, is 
common in the mountains of Netv Guinea (Plate 47)^ 

Some Pacific plants, but not many, have been introduced into 
culuvatton and carried to distant pans of the world. One example 
is the palm Howea Behufrema which ornaments nearly every 
cinema and hotel lounge in Europe and North America; it ia an 
endeniic:i native only in Lord Howe island, where coUccting the 
seeds is the staple industry of the iohabitanta. Another is the 
graceful Norfolk island pine, Anmtaria txiiha (Plate 53), young 
plants of which are one of the conamonest window decorations in 
English houses. 


TYPES OF VEGETATION 

In considering the ty'pes of vegetation in the Pacific islands a sharp 
distinction must be made betw^een the * low ' islands^^—atolls and 
reefs of coral raised only a few feet above sea-level—and the ‘ high * 
i$bndsk which arc volcanic and frequently reach a height of 3,000 ft. 
(or much more). The " low ' isbnds are poor in species, very 
uniform in flora, and the vegetation consists largely of maritime 
and drought-resistant plants. The " high ' islands—and with them 
may be grouped New Guinea and other laqge islandsof the Western 
Pacific — ^have a far richer and more varied vegetation. The coral 
islands are so small and so little raised above the sea that practically 
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all ihcir vegeution is affected to some c^iitcnt by salt iA“ater; it is 
thus hardly surprising that the plants which grow on them are mostly 
the same as those found round the shores of the " high ' islands. 
After dealing with the coastal vegetation of ilie Pacific in genemh 
it will therefore be convenient to pass next to the vegeLadon of the 
coral islands. 

Coastal Vegetation 

On reefs and rocks between the tidemarks and for some depth 
below the low' tide mark there b a rich flora of green, brown and 
red seaweeds. Most of the species and many of the genera are 
different from those familiar in England; f.ir instance, the WTacks 
{Fttois and related genera) which bulk so latgely in the vegetation 
of our own shores are not found, the commonest large brown sea¬ 
weeds being the Sargasso weed (Sargassum) and the related Turbin^ 
aria^ Many of the Pacific seaw'eeds, especially those belonging to 
the group of red algae, deposit calcium carbonate, and along with 
the corals play an important part in reef building. In Hawaii 
seaweeds are of some economic importance as they are much valued 
by the inhabitants as food, some 75 different kinds of seaweed {Hmu) 
being used. The ancient Hawaiian nobility, like the modem 
Japanese, deliberately cultivated these plants, setting aside near 
their dwellings fishponds or sections of the coast to which desirable 
kinds of seaw'eed were transplanted 1 the unwanted kinds being 
weeded out. 

The nature of the land vegetation of the coast depends mainly on. 
whether the shore b sandy, muddy or rocky, as well as on the 
exposure to wave action. On sandy shores lowr-growing herbs, 
grasses and bushes are found (Plate 32), similar to the itrand vege¬ 
tation of Europe. It consists of a limited number of species most 
of which arc rarely seen inland. Some of the commonest are the 
goat's-foot convolvulus {Ipomom pe^-caprae)^ species of Vigna and 
Caaavaha (belonging to the pea family), Leptufw repms and other 
grasses. Except for the grasses most of these plants have a trailing 
or creeping growth and many have fleshy or hairy leaves. Unlike 
most land plants they are not killed by occasional flooding with salt 
water. Scattered among these low-growing plants or sometimes 
forming thickets or a definite belt on the landward side are found 
bushes SI yard or more in height such as De^modwni umtfetlatum, 
Pemphis aetdula and Seoevala frutescem (Fig. 53), In this scrub 
there may be occasional trees of coconut (Plate 31), the tree heliotrope, 
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(ToifJTiii/br/fa, Fig, 5+), Herntittdia ov^wOt etc. On reeffi and rocky 
shores there are generally scattered bushes extending as far from 
the shore as the influence of the spray is strongly fdt, and consisting 



Fig. S3, Scuevcfa/ruteteem, sea-lcttuce tree 

A tree or flhmh cdfnmoa on ilie cofl§t3 of most PaciBc island^- The Icavei 
are a fresh gmen 'Colour and the ur? almofit white. Dniwn from 

Botanical Maga:^nf, voL Ut^ plate 2^32 (London^ 1827). 

almost entirely of species sucli as Scaevoh /miescenSf PGFtdaaus^ 
etc.p which are also found on sandy shores^ 

Where the sandy beach is wide and the natural vegetation has not 
been destroyed, a atrip of forest of very characterktic compo^tion 
may develop on the landward side [ this is the beach farei^t. Like 
the strand vegetation it is formed chiefly of species not found mland. 
At its best the beach forest is a narrow belt of trees 100 ft. high or 
more, but often it h much lower and does not form a oontinuoua 
belt. Good beach forest is only seen on the Ic^ thickly populated 
islands, because elsewhere it b generally destroyed or reduced to a 
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mere vestige to make room for plafitatiom of coconut p^itmap In 
the Solomon islands the natives like to leave the beach forest to 
screen their villages from unwelcome visitors coming by sea. 
Common trees of the beach forest arc B^nringtoma asiatwa (Fig. 55), 



Fig. 5^. Tournf/ortLi ftrgMati, tree hi^Hmrope 

A siuall tree o^mmon on beaclies and cdtoI Ulonda in the warmer pam of 
the PmSc, The ftawers are purple and ihe leaves coiupirUeui for their 
covering of sihcry haire. Dra^vn from W. E. Safford^ Useful Plants of 
Gimm\ Contribwri^mt from the Umied Staitt Naitonol Htrb^um, voL ix 
pktc 6& (WjMhington, 1905}. ' 

Cajo^ynum inophyllum (Fig. 56, Plate 30), Cordia subcordata, 
HAUcus tUiacevs (Fig. 67), Terminalia catappa {Viff. 57), Thetpma 
populnea and Cerhera specica. In the Westem Pacific (in New 
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Giiinf^ especially near river mouths) the graceful Casuarina equi- 
setifolia (Fig, 66) often forms large stands uomLtcd with other 
trees. The outer edge of the beach forest is often fringed with 



%S^ Batriitgi&ma astalua 

A tree characteristic of the bcmch fdrtit in i1>e Pacific i9[itn45. The 
four-en^lcd fruits Sue one of the most comnton objects in the tirift, Drmwn 
from E. J* H. Comer, tFajjiffr Tr^t 0/ Malay a ^ vol. iIt. plate 71 (Singepotei 
i«o). 

Pandanus tectonus or other species of Pandanus. With the trees are 
associated shrubs, woody climbers, and herbaceous plants growing 
both on the ground and aa epiphytes on the trunks and branches. 
The Leafless parasite CassytfiUj looking like a tangle of omnge strings 
often grows over the trees and bushes in masses. 

In sheltered bays, lagoons and estuad^, usually on a muddy 
substratum, is found the mangrove, a pcojliar type of lotv fore$t or 
scrub flooded by the tides. I’hese mangroves cover vast areas on 
the »outh coast of New' Guinea and ore also extensively dm'doped 
in Fiji, New Caledonia and other islands of the Western Pacific. 
East of Tonga and Samoa they are not met ivith again till the Gald- 
pagus and the west coast of South America (Fig. 58}. 

Mangroves grow wltere the bnd is rising, sometimes as fast as an 
inch 3 year, by the deposition of sik. As new land is built up and 
consolidated, so the mangroves push out further and further into 
the water* By obstructing the tidal currents the mangroves speed 
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Figf. 56. CalQp^iyU»m inophylluiH 

A tm tsf the sea cc^ast. ^^'idcsprcod In the Pacific. Dravm fn5fn E, J, H. 
Comer, B-^uyjaifo &f Midsya, %tiL plate 65 (Singapore^ ^ 940 }. 



Pift- 57 * Fwrtttjw/ju mlijppa, Indian almond^ native almond 
A cornsnon tree of the beach foreati idao planted inland as m shade tree. 
BAKd on MasazitK, vdU t.vil* plote 3004 (London, 1S30); and 

E. J. H. Comer, Wayiidi Treet 0/ Maiaya, vol. II, pbtc 45 (Singapore, ig+o). 
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up the depositSon of sill and thus pby an active part in reckimlng 
land from tKe sea. They are of great economic imporlance for 
other reasons also^ they provide e.^cellent firewood and in Suv^a 
(Fiji) the whole supply of fireivood for doitie$tic and industtial tise 
comes from the mangrovea of the Rtw^. delta. ITie wood is hard 
and durable and is used for house building and many other purposes. 
The bark of mangroves is valuable for tanning, but little use has been 
made of it so far in the Pacific. 

The mangroves are a group of trees not neatly related to each 
other botanica-lly, but having certain remarkable features of struc¬ 
ture and life-history in common, as well as the ability to grow on 
unstable mud periodically washed by the tide. The mangrove 
swamps of the Pacific are by no means so rich in specks as, for 
instance, those of the Malay archipelago, but in addition lo several 
species of mangrove trees* there are various shrubs* climbers, reeds 
and herbaceous plants, including the fern Acrostkhum aurtum. 
The mangroves themselves are evergreen trees varj^iog from lo to 
over lOO ft. in height. Most of them have shiny^ leathery leaves 


Fig. 58- Distribution of mangroves and cotufers in the 

All ^mbers of the mafigrd^v: group ha^t!: been included. The eastern 
species (with one cx^ption) arc all different from those in the of the 
area. Based on vimDus sources. 


and inconspicuous flow'ers, but the most striking features are their 
buttressed trunks and peculiar roots. In RAhopkara the trunk is 
supported on a mass of cun^ed aerial roots (Plate 51), like very 
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slender flying butiressc^. In Avu-ennia and Sann€ralin the main 
ktei^ roots are horizontal and pnCMiucc large ntictibei^ of ^all 
branches which grow- vertically upwards through the mud and 
project sev eral inches above the surface. These bmneh roots look 
like cigars or sticks of asparagus and beneath a large tree they are 
so numerous that one can hardly put one‘s foot bemeen them. In 
Bruguiera the lai^ lateral roots make a succession of upward bends 
or loops abovo the mud and are known as knee roots. The 
mud on which mangroves grow is almost completely deficient in 
oxygen and as the aerial roots of Somi^aiia and Bruguiera 

are prov-ided with very numerous lenticcls (breathing pores)> their 
main function was supposed until recently to be to act as aerating 
organs for the root ^‘stem. Though they probably do this lo some 
extent, they seem to have equal or greater importance in providing 
a means by which fresh rootlets cm be given off at higher and higher 
levels aa the mud accumulates. 'Fhe dense growth of the aerial 
roots, and the softness of the mud make mangrove sw^amps un¬ 
pleasant, but by no means impossible, to traverse. 

A remarkable feature of many mangroves is that the seeds germ¬ 
inate before leaving the parent plants in some they grow into a 
heavy fleshy seedling, as big as a small candle. When the young 
plant at last drops off it is heavy enough to stick firmly in the mud 
at low tide and anchor itself before the tide can tvash it away. The 
seedlings of mangrovK float well in sea water and may be carried by 
currents for some distance. 

Owing to the preferences cf the different species of mangroves for 
different conditians of tidal flooding and soil, they are not distributed 
at random, but are arranged in a scries of bells or zoneSt generally 
running more or less parallel with the shore. In the Pacific, the 
pioneers which colonize the least stable and most frequently sub¬ 
merged muds at the outer fringje of the mangrove forest are usually 
species of R/iizttphartit but at tim^ their place may be taken by 
At^icetmia or Someratia^ Other mangroves, such as Bmguirra^ 
requiring less frequent submergence and different soil condtrions, 
follow' when the ground has been prepared for them by the pioneers ; 
the zonatidn thus represents an actual plant succession in which 
one group of species is superseded by another. As the pioneers arc 
succeeded by more exacting species new' land is added at the sea¬ 
ward edge and so the mangrove forest extends slowly out to sea. 
At the same time the soil level on the landward side rises and as the 
effect of the tides b fek less and less, the mangrove swamp with 


TTPES OP VEGETATION 


129 

salt ^und water gradually turtts into a freshwater swamp forest 
inhabited by quite different trees. 

Associated uith the mangrove swamp in the Western Pacific is a 
very characteristic community dominated by Nipa fruTuraas, a 
with a very short stem and feathery leaves, 20 ft. long or more. 
Nipa swamps form a very dart green belt contrasting vrith the 
lighter green of the mangroves along the sides of estuaries; they 
are particularly extensive along the gulf of Papua in New Guinea. 
ATij^a likes brackish, not salt, conditions and unlike the mangroves 
it is not confined to places where silt is being depi^ited. 

One of the most interesting facts about the coastal vegetation of 
the Pacific is its great uniformity throughout the whole area. Nearly 
all the component species have an extremely wide distrihutiqn and 
very few are endemics limited to small areas. The strand flora of 
one island is thus vciy like that of another, though thousands of 
miles away. The same is true to a laige extent of the beach forest, 
and the reason is probably that coastal plants, unlike most inland 
plants^ have seeds or fruits speciaUy adapted to float in water 
by means of air cavities or spongy air-containing tissues (Fig. 59}. 
Phey^ may thus be carried enormous distances by ocean cucrenta 
and, if the conditions are suitable, may germinate when they are 
cast up. The mangroves differ somewhat from the other coastal 
plants in that all the species, though not the genera, found on the 
American shores of the Pacific, including die Galipagos islands, 
are different from thoM in the Western Pacific. (The one evceplion 
is^ an American species of Rhisoj^iora found together with the 
VVestern Pacific species in Fij i and Tonga.) This di (Terence between 
the Fastem and Western Pacific mangrove floras miy be due to the 
seedlings of mangroves not being so well fitted for long sea journeys 
as are more resbtant seeds and fruits. 

The coastal vegetation of the Hawaiian islands is exceptional m 
lathing many of the widespread species and in having a number of 
endemic species not found elsewhere. This is doubtless owing to 
the extreme isolation of these islands (they are distant some 3,ooo 
miles from the nearest continent or * high ’ island) and because 
they lie off the track of the main ocean currents. 

Vegetation of Coral Islands 

Writers of fiction arc apt to represent coral islands as having 3 
luxuriant v<^etation, abounding in useful and beautiful plants. This 
impression is very far from the truth ; a typical coral island or atoll 



Fig- 59 
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has generally a poor and scanty vegetation of very few species (Plate 
33)- Besides the coconut palm and plants cultivated by the natives^ 
there IS often lilllc but tufts of grass, scattered bushes and herbaceous 
plants. Many of the smaller islands are entirely treeless and even 
the larger and more fertile ones have little to show beyond woods 
composed of one or wo kinds of trees. As far as useful plants are 
concerned ^ it is probably true to say that ever)' food plant except 
the screw pine has been introduced by man; no coral 

island would be habitable without the comnur, which though 
apparently self-supporting on some islands, was probably almost 
alw^ays planted in the first place. 

The lack of luxuriance in the vegetation depends on the conditions 
for plant gromh^ which in the majority of coral blands suit only 
plants tolerant of severe droughts, (For the climate of the coral 
islan^, see Chapter lit). The effects of a low and unreliable rainfall 
arc increased by strong ev^aporation and a porous soil with Httlc 
power of retaining water. Besides the shortage of water, in many 
small coral islands the poverty of the vegetation is partly due to 
accumulations of phosphate w^hich, though used as a fertilizer, is 
harmful to plants in large amounts. 

Apart from cultivated plants, there may be as few as half a do&en 
species on a small island and under 50 on a large one. In a botan¬ 
ical survey of the central equatorial islands, comprising Christmas. 
Jarvis, Fanning, Washington, Palmyra. Howland and Baker islands, 
some 60 native flowering plants and ferns were found, in addition 
to about ^0 introduced w'ceds, and a number of cultivated plants, 
most of which could not maintain themselves for long without 
human hdp. The flora of coral blands consists of a selection, 
varying slightly with each individual bland, from a very limited 


Fig. 59'' Pacific fruits dblributed by the sea, shoiving means of llDtAiion 

it fruieii^nt : Ay whole fruit 7 B, cross-sectiDn, sh^wiVi^ the twq 

seedH {heii\7 blade outline) enclosed in a corky Hoiaiimi tissue (siippJed), 
and the juicy outer layer, a, Mcrinda z stone of fruit with swim- 

bmddcr. 3, Caiuphyllum hwphyiium : A, whole fruit ; B, cross-section* 
showing; seed surrounded by sporiity tlotadau tissue. 4, Tcrmittalia camppu : 

whole stdjic of fruit; B, stone worn by the sea, showing flomion tissue ; 
C, cros^-scction of stone, shewing numerous small rarities in ftaiaiiqn 
tissue (the scctl has drupped out)^ 5, BaTrinf^ioma txctha ; fruit, -ti, Alpa 
/m/fconr : fruit with the outer cc^xring portly worn awny Euid showing the 
hbrous flotation layer. The scale of 1 to 5 h about natural size. Based on 
V^:. Sebimperj 'Die indo-molayische Stnindfloni\ 

uifjp den Trapett^ Heft Ill, Tafcl 7 (Jens, 
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repertory of species which extend with monotonous regularity over 
the whole Pacific. Though most of the coral island plants are ve^ 
widely distributed, there are a few exceptions; for instance in 
Laysan, a coral island of the Haivaiian group, there is an endenric 
species of sandalwood. As with coastal vegetation in general, the 
explanation of the wide distribution of the coral island flora lies in 
its means of dispersal; nearly all the flowering plants have seeds 
Of fruits which are either adapted to distribution by ocean currents 
or else are dispersed by birds. The fetv fems and other lower 
plants reproduce by microscopic spores which are light and easily 
carried by the wind. 

Even in the smallest islands the vegetation is not uniform, as 
slight differences of height, slope and soil produce a number of 
distinct habitats for plants, each of which has a slightly different 
assemblage of species. (Profilca shmving types of vegetation for 
Jarv is and Sydney islands will be found in voL 11, p. 454,) The 
vegetation of the beach is on the whole like the strand vegetation 
already described, consisting of low-growing, salt-tolerant plants 
such as the goat’s-foot convolvulus. I’lie beach flora of the coral 
islands is however poorer than that of the ‘ high ' islands and there 
arc perhaps few’cr plants of trailing growth. On many of the 
smaller and drier islands similar vegetation extends over the greater 
part of the area, most of the surface being osupied by scattered 
clumps of herbaceous plants such as Semviumt Heliotrapium anom- 
alum, Partulaca and Buerhatma. The bunch grass Leptums repnts 
is very cemmon, either by itself or mixed with the plants just men¬ 
tioned ; it is particularly characteristic of the beach crest and other 
open unprotected places (Plate 33). 

In most coral islands at least a part of the interior is occupied 
by bushes, growing either scattered or as s thick scrub a yard or 
more high. The commonest species are Scdevela /mfcjeenf, 
Sida ftillax and Suriatta matitima^ In some of the leeward 
Hawaiian islands the endemic Chenopedtum mndtciekfim plays an 
important part. 

On the wetter islands forest covers most of the area and on many 
of the drier ones there are open woodlands or at least clumps of 
trees. The coconut b of course by far the commonest and most 
important tree. It b planted on every available acre of dry land, 
and even shingle banks and tiny islets with no other plants but a 
few lichens often have their few stunted and battered palms. Usually 
coconuts grow in plantatioris which are clearly of recent origin, but on 
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some islands there are forests of coconuts which look mtUTol. 
Though the palms seed themselves, there is little doubt that these 
forests have all originated from tree^ planted by early Polyaesian 
colomats. Other trees which form woods on card idaxids are the 
tree hdiotrqpe (TournffoTiia argertiid)^ which has a preference for 
the dry beach crest, and Hsoirih grandis, which on some islands 
forms forests of considerable height and extent. Trees found in 
smaller numbers include the common bcach-forest species such as 
Cahpitylltnn and BarringtGnia^ also Gueltarda speciosa^ Thesptmi^ 
and Cordia subcordata ; Fa^tdilTm 5 species are common either in 
groups or scattered among other trees. 

In some islands there ia u damp central depression in which mirsh 
plants such as the shrub Jatsieua ereci^x are found. Washington 
island $eems to be unique among cord isbnds in having two peat 
hogs covered with reeds, Paxtdanas terforiur, and the taro-like 
Cytaspmrui efuunissonis as well as a fteshwater lake tn its low- 
Ijring interior. In the atolls of the Weatem Pacific poorly developed 
growths of mangroves (mainly Rhisaphata) often fringe the central 
lagoon. 

Under perfectly natural conditions it would be expected by 
analogy with other parts of the world that the vegetation of a cord 
bland would undergo a naturd development or p^ant succession. 
The island w^ould first of all be colonissed by a small number of low^ 
growing and very hardy species, which AVOuJd later give place to 
taller and more exacting species able to grow only with the help of 
the shelter and humus provided by the pioneer species. On islands 
with a climate damp enough for trees the succc^ion would then 
load to the establishment of forest; where the climate is drier the 
final stage w'ould be some foitti of scrub. It is thus likely that the 
open vegetation of herbaceous plants and grasses, the scrub of 
busheSj and the woods of Tournj^foriid\ Pi^orna, etc., in this order^ do 
in fact represent stages in a succession. But the course of develop¬ 
ment has been very much altered by human inierfercnce. Coconut 
palms and other trees have been planted and the demand for timber 
and firctt'ood has chiKiked the development of natural forests, or 
destroyed those already existing. On many kUndj phosphate 
digging has destroyed the vegetation over large areas; when the 
diggings are abandoned plants soon begin to colonize the bare 
ground and a new succession bcgiius. On Nauru the fig Ficus 
pT^jIixa has been noted as an early colonizer of w^orked-aut phosphate 
lands* 
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Vegetatjon of 'High* Islands 

The tvpM of vegetation to be considened UAder this heading are so 
many and vary so greatly from island to island that it will be possible 
to survey them only briefly* For the purposes of descriprion a 
rough division may be made into vegetation of wet and dry climates 
and into primary' and secondary ty'pes. 

It has just been pointed out that the vegetation of coral islands 
tends to undergo a natural development or plant succession ; the 
same is of course true of all other vegetation. Plant successions 
consist of a series of unstable stages, each one preparing the way for 
the next, till a Anal relatively stable stage is reached called the clim¬ 
atic climax, because the climate sets a limit to further develOj.'iment. 
Throughout the Pacific area, except for a fetv small regions where 
the conditions seem to be too dry for any sort of tree growth, the 
climax vegetation is evergreen forest. Where the climate is drj* or 
semi-dry; the climax will be dry evergreen forest, scrub savannah 
or grassland. Occasionally ihc soil may be so porous or othenvise 
unfavourable for plant growth that succession is pennanently checked 
at a stage earlier than the climatic climax; under these conditions 
the vegetation reaches an edaphic or soil climax. An example in the 
Pacific of what is probably an edaphic climax b the scrub on the 
serpentine soils of New' Caledonia ; the climate here would probably 
allow iretT^ to grow', but ihe porous ;uid sterile soil prevents it. 

Stages in both kinds of succession can be seen on every Pacific 
islamd. Particularly good examples of primary suectrasions can be 
seen on the bva flom of Hawaii. Great rivers of lava have flowed 
down from the volcanoes^ cooled and solidified. In the course of 
years the lava has weathered and soil has formed on It. Plants have 
begun to grow^ first in the cracks, later on the surface as well. The 
first plant colomsts have helped on the process of soil formation by 
the action of their roots and by contributing humus, and so brought 
about improved conditions for their succcssorsH The first pbinis on 
these Lava flow's are algae^ mos$e$ and lichens, which require little 
soil * later come fems, bushes and small trees, among which Mefro^ 
sideros polyrriarpha is one of the most important. Finally a tall forest 
is established. The time taken by this succession and the exact 
sequence of stages depend, among other things, on the nature of the 
lava; on the smooth pahoeJio^ lava, plants arrive stKmer and the 
succession proceeds faster than on the aa lava, which con?.ij ts of piles 
of separate blocks. A very similar primary succession can be seen on 
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in Samoa, where there are also lava Hovva of diHere^t ages \ 
flows 100-150 veai^ old already have trees growing in the cracfes or 
on soil on the Surface- 

Secondary successions take place when the original vegetation 
(whether dinia?i or not) has beetle for instanoe, felled^ burnt or grazed; 
almost always they are due to man or to his domestic animab. 
Since human influence is profound on almost all the Pacific islands, 
a veiy' large number of the types of vegetation, including some that 
at first sight seem entirely " natundV are in fact stages in secondary 
successions. Sreofidaiy, like primary, sticcessjons, tend sooner or 
later towards the rc-establLshment of the climatic climax. Very 
oftenj how^ever^ the interference by man or animals continues, and 
an apparently stable type of vegetation, a biotic climax, results. 
Most, perhaps all. grassland of the Pacific, except that above the 
climatic tree limit in the high mountains of Neiw Guinea, and some 
w'hi^ may represent stages in piitnaiy' successions, is probably a 
biotic climax^ It probably occupies the site of former forest and 
would revert if protected from grazing and fire. (Types of grass¬ 
land are showTi on PJates 39, 42, 45.) 

^Vithout careful investigation it is often impossible to sav whether 
a given type of vegetation represents a climatic or a biotic climax, 
It is nevenheless essential to bear in mind the difference between 
primary types of vegetation whlch^ when they reach the climatic 
climax, arc for practical purposes stable and unchanging, and the 
secondary types which depend on the activities of man and domestic 
anirmb. The$e arc unstable; they can, and frequently do, change 
rapidly and completely. This is particularly true of regions like 
the Hawaiian islands where the great influx of population since 
European colonization began has had disastrous effects on the 
native vegetation. 

Primary Types in Wrt ClimaiEs (Ram Fortsts) 

Rain forest covers, or did cover at one time, all the land area in 
the Pacific except some of the coral islands^ the tops of the highest 
mountains in New Guinea and the Hawaiian islands, the dry lec 
sides of certain islands, and certain other dry areas such as E^er 
island, parts of New Guinea, and most of New Caledonia. These 
rain forests, though they are alJ evergreen and have a su|>erficm! 
aimilarlt}^ arc very varied in character, and knowledge of them is 
still fio iiidomplete tliat a satisfactory classification is not yet possible, 
A rough division can however be made into (a) tropical ruin forests^ 
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which tall and luxuriant and composed of a very large number of 
species of treeSp and {b) subtropical and montane rain forests» wludi 
are Less tall and luxuriant and considerably Less rich in species. 
Tropical rain forest occurs in the tropical lowlands where the mean 
temperature is about 77-79“ F., with little seasonal variation^ Sub¬ 
tropical and montane rain forest occurs outside the tropics or on 
mountains within them, and has a low'cr mean temperature which 
may show a range of several degrees betw'een summer and winter. 

Tropical Rain Forests 

These reach their highest development in the Pacific in the low¬ 
lands of New Guinea and the neighbouring islands, especially New 
Britain {Plate 35), the Solomons (Plate 34) and the New Hebrides. 
Essentially similar forests occur m Samoa (voL Plate 114^ p. 5S7), 
and on the windward side of the larger Fiji islands. Before the 
destruction of the original vegetation by man^ tropical rain foie$t 
doubtless existed at low altitudes in the Society isbnds, Marquesas,^ 
Hatt'aiian and other * high " blands, but at the present day what 
forest b left at low^ altitiidies seems to be secondary . 

Tropical rain forest corresponds with die popular idea of a tropical 
forest and that on the Pacific blands b similar in its general features 
to the vast rain forests of the Malay archipelago^ equatorial Africa 
and tropical America. It is often described as impenetrable^ but as 
a matter of fact in virgin as opposed to secondary' rain forest^ the 
undergrowth b rarely verj' dense. Except for thick patches where 
a tree has fallen down^ it b possible to move about with little diffi¬ 
culty, though a man js seldom vbible at a greater distance than 
perhaps ao yd. It is usual to ‘ cut a path ' with a brge knife when 
traversing the forest; this is a$ much in order to retrace one's steps 
if neccasary as for any other reason. Where there is any kind of 
break in the forest {for instance where a road or wide river crosses it), 
the undergrowth does in fact become very dense. The edge of a 
forest along a clearing, road or river appears as a solid wall of vege¬ 
tation, but it gives a misleading idea of the forest interior. 'Phe air 
in the forest is extraordinary still, but though the forest b gloomy^ 
the forest floor k dappled with sunfiecks. The contrast between 
light and dark patches is so sharp that it ts impossible to take good 
photographs except when the sun is behind clouds. 

Tropical rain forests are not a mass of brilliant and varied coloured 
Sowers. Plants with showy flowers do exisi, but they are not 
common and need looking for. The majority of trees have very 
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^all greenish or whitish flowers^ inconspicuous e^*cn to the eye of 
the botanbt. The forest as a whole is a sombme green. 

The crmvns of the trees in a tropical rain forest are arranged in 
about three superposed layers or storeys, somewhat like the oaks 
and hazels in an English coppice, though from ground level this is 
fay no means obvious. The topmost storey consists of trees about 
100-1:50 ft, high or perhaps less * the second siorey is at about 50-S0 
ft,, and the third at about 25 ft, ; below this again are Bhrubs^ sap^ 
lings and a layer of herbaceous plants, generally thinly scattered^ 
not massed like the primroses and blucbcUs in an English wood^ 
A unique type of rain forest is found in New Britain, Here the 
topmost storey is formed by Eufolyptus d^lapta^ a superb straight- 
trunked trese reaching a height of over ^30 ft. The crowns of the 
Etuialypius are raised far above the second storey and are not visible 
from the ground. 

In all the storeys the trees are mostly evergreen in the sense 
that their leaves are not dropped all at oncej or if they are, the new 
leaves expand before the old have all gone^ Some of the taller 
trees, however^ may be deciduous and are bare for a few days or 
weeks. They differ from the deciduous trees of colder climates in 
being less synchronized in their behaviour ; where several individuals 
of the same species are growing side by side, one may he fully green, 
another bare, another Just producing a crop of fresh young leaves. 
A characteristic feature of min forest trees is that the young leaves 
arc often brilliant red or purple, and occasionally dead-white like 
paper; often when they expand they han^ down limply as if wilted. 

The trees of the top storey have tall straight trunks, thin in 
proportion to their length; trunks over 3 ft, in diameter are rare. 
The crown is often rather flattened and when seen in an isolated 
tree seems disproportionately smalL The leaves are commonly 
oval, undivided and leathery', of about the size, shape and con^ 
sistency of a laurel leaf. 

A striking feature of many of tiie taller trees (in the first and second 
storeys) is the plank buttresses which support the base of the trunk. 
These are thin plate-likc outgrowths extending up the trunk some¬ 
times for as much 50 ft,, and outwards along the ground for about 
the same distance. They add greatly to the labour of felling the 
trees because a platform has to be built so that the axeman can cut 
the trunk above them^ 

1 he second and third storey trees hav'c much smaller and narrower 
crowns than those of the first storey ; their tnmks arc of LXJursc still 
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more slender. The average size of their Jeaves b greater and they 
are often drawn out into characLeristie Long fine points at the tips. 

Both palms and tree ferns are found in the rain forest but neither 
are usually very plentiful, though small palms sometimes form a 
large part of the undergrowth. Tree ferns are usually restricted to 
fairly high altitudes^ and to moist sheltered places^ such as ravines. 

Besides the trees^ shrubs and low-growing herbs, the rain forest 
includes two groups of plants, both highly characteristic of it^ the 
lianas or woody creepers, and the epiphnes. The lianas, like the 
iWj use the trees merely as a support and do not take nourishment 
from them, ^fhey spread from tree to trce+ often hanging down 
in huge loops or festoons and their stems may reach a length of 
several hundred feet. The leaves and flowers of these lianas are 
mostly far out of sight among the tree tops. Their sterna vary in 
thickness from that of a little finger to that of a thigh; some arc 
round in section, others are flattened like a gigantic ribbon, others 
tvrisred and closely resembling a stoui rope or cable. In the rain 
forests of New Guinea rattan^ are common ; these are climbing 
palms, often with thorny stems, which because of their great length 
and strength can be used for innumerable purposes in place of 
rope or wire. 

The epiphytes include many orchids with strange and beautiful 
flo'^vers and a large variety of fents. They grow perched up on the 
trees and like the lianas most of them are not parasites. The only 
soil available for their root^ is the dead leaves which become en¬ 
tangled with them or are brought by ants. Perhaps the most 
remarkable of the epiphytes are the * strangling^ figs, belonging to 
the same genus as the edible fig and the banyans. They start life 
as epiphytes^ but soon strike down roots into the ground. In 
course of time the tree w^hich supports them becomes surrounded by 
a network of tough rooi$, eventually it dies and the fig is left as an 
independent tree, its 'trunk' consisting of a hollow cylindrical 
network of roots. The life-history of MfirosUeroi^ a common tree 
of montane ram forest in the Pacific, is similar. 

By far the most important charaaeristic of the tropical rain forest, 
and the one in which it differs most from temperate woodlands, is 
the en ormous number of species of trees com posing it, Juan English 
wood the great majority of the trees are, say, oaks, with perhaps a 
few birches, ashes or other trees intermingled. In a Pacific rain 
forest on the other hand^ as a rtile no one species of tree is dominant; 
there is a mixiure of a vast number of ditTcrent kinds of trees, no 
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one of which form^ a large fraction of the whole number. In the 
Veimauri forest in Fapua^ for instance, there w'cne 437 trees of over 
5 ft. girth on a 108 acre sample plot; these belonged to 69 species, 
of which no one formed more than 10% of the total. One may 
often see Only a single tree of a particular species during a w‘hole 
day^B march. The species in each storey are different, though of 
course those of the lowxr storey include many young indi^-iduab of 
species which reach the high storeys when fully grown. Though 
rain forest is normally a fairly even mL\turc of species, excepdonaily 
a single species may be dominant over a considerable area. Thus 
along large rivers in New Guinea the magnificent itiTriQ or erima 
{Ociamei^s suntalramsis), may form an almost pure gtowfib, Trces 
of the family Dipterocarpaceae, which forms a large proportion of 
the bigger trees in the forests of the Indo-hlalayan region, arc found 
in the Pacific only in New Guinea and even there are not particulafly 
abundant. 

The hundreds of species of trees forming the rain forests of New 
Guinea^ Fiji, and Samoa include many which furnish %'aluablc 
timber and other usefu! or potentially useful products, such as 
gums and rc$ins. The great majority, however, have at present no 
important uses though doubtless future research may discover some. 
Since the valuable species are found scattered through a mass of 
more or less useless species, the mixed coutposition of rain forests 
is a serious economic disadvantage. iTic majorit)' pf the large trees 
in virgin rain forisstB are hardw'oods, often excessively hard and so 
hea\y that they will scarcely float in water* Good timbers for 
constructional ivork are common and there are also many beautiful 
ornamental woods, but there are few soft woods which will serve 
the purpose of deal. 

A number of rain-forest trees arc poisotinus ; there is 
for instance, said to be the original of the fabled Upas Tree. *rbe 
unpleasant nettle tree, Laportea, recognizable by its red-vcined, 
stinging lcavc$, is found in rain forests in the New Hebrides, New 
Guinea and dsewherc. 

Similar in many respects to the tropical rain forests are the fresh- 
svater sti^amp fartsis which cover a vast area in the low-lying river 
valleys of New Guinea and New Caledonia, and are dgubdess found 
on a smaller scale in the neighbouring islands. These swamp forests, 
which arc an edaphte climax in wliich the succession to normal rain 
forest U prevented by the waterlogging of the soil, are of more than 
One kind ; ino$t are mixtures of broad-lcavcd evergreen trees, with 
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or without pulms. As a rule^ owing to th« softness of the ground 
and the ntmiber of lianas and plants with stih roots, they are extremely 
Laborious to traveise* The moat important and perhaps the most 
widespread type of swamp forest in New Guinea is the sago forest, 
dominated by palms of the germs Metroxyhn. These palms provide 
the staple food for many of the native tribesn 

Subtropical and Manianc Rain Fomis. These differ little from 
each other^ and they differ in degree rather than in kind from tropical 
rain forest. Subtropical rain forest (Piatc 40) is seen on Lord Howe 
island, the Kcrmadecs, Juan Fernandez (though the forest here 
should perhaps be termed temperate rather than subtropical) and 
possibly in a few more islands south of the actual tropics. Montane 
rain forests (Plate 3S) cover the higher ground of most of the ‘ high ' 
islands, often coinciding fairly exactly mth ihc ' mist zone' which 
is covered with an almost permanent cloud cap^ 

Both these kinds of forests are le^ tall, less luxuriant and com- 
posed of far fewer species of trees than the tropi<:al rain forest. 
They often lack features characteristic of tropical rain forest (for 
instance the trees generally lack plonk buttTesses)^ rather than 
having characteristic features of their □wn+ 

The trees are usually only (kj to 80 ft. tail, often cortsiderably less; 
rarely they may reach too ft. Generally there are only one or two 
storeys of trees in addition to shrubs and herbs. The trunks are 
less straight than in tropical rain forest, and thicker in proportion to 
their length. The crowns of the larger trees tend lo he spreadings 
with a tendency to be umbrelb-shapcd. An important ^fference 
from tropical rain forest is that the average size of the leaves is much 
smaller ; speaking very generally they tend to resemble those of a 
holm oak rather than those of a 1aaiT]+ In Xe^v Guinea, where a 
series of zones of forest follow one another from the lowland tropical 
rain forest to the tree limit at about 14,000 ft., a gradual diminution 
in the average leaf size with increasing altitude can be noticed. 

The number of species of trees, though alw^ays leas than in tropical 
fain forests varies within wide limits. In the subtropical (or tern- 
crate) rain forest of Juan Fernandez the tree storey proper conai$t3 of 
only three to six specics„ but in montane rain forest betw'ecn 6^000 
and 9^000 ft. in New Guinea a sample plot of 40 acres had 229 trees 
of timber size belonging to 24 spedcs* Like the specie, the number 
of families of trees is restricted. Some characteristically tropical 
fairuHes are absent and temperate families appear in ihdr places. 
The two families most constantly and abundantly present are 
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probably the Mymceac (MyrtJe family) and the Aralkceae (Ivy 
family) i both of these however are present, though less conspicuous, 
in the tropical rain forest. The presence of conifers (Fig, 58 i 
Plate 37) such as yJrtfujro'JTu and Pikfocairptis is generally character¬ 
istic of monrane rain forest in the Pacific; in tropical forest 
conifers are usually absent altogether. The kauri pine {Agatkis)^ 
in the tropical forests of Fiji and Vauikoro is an excqition. The 
abundance of these conifers is ^'ariable: in the Hawaiian islands 
they are absent, but in New Guinea they are plentiful and in the 
higher mountain, forests above about 10,000 ft* become the dominant 
trees. 

Palms and tree ferns are often a conspicuous feature of subtropical 
and montane rain forests and, though never dominanti maybe very 
abundant^ sometimes standing out above the level of the other trees* 
Lianas are usually much scarcer than in tropical forests^ though 
here again there k much variation* In Juan I'ernAndc^ there is 
only one species of liana^ wliich is probably introduced* Epiphytic 
flowering plants arc generally few in species and may be absent aJ- 
together, but epiphytic nios^ses^ liverworts and lichens are nearly 
always plentiful and are sometimes a coriapicuoo:S feature* 

It is clear that the of forest here grouped together as mon- 
lanc and subtropical rain forests are very heierogcncaus. 'Hiough 
we do not yet knoxv euough about them to dijjtingubh the differcut 
kindsp one or two distinct types stand out from die rest, for example 
the mossy forest found in the mist zone of Islands such aa the 
iMarquesas and on the mountains of New Guinea above about 7 t 500 
ft. The trees are only about ao ft, high and are grotesquely gnarled 
and twisted. The dripping wet covering of mossts, liverworts and 
ferns on trunks and branches gives them a fantastically swollen 
appearance, often making them look tvs ice their real tliick iicss. 
The soddenness of the vegcEadoii combined wiih the driving mkt 
and perpetuaj drizzle make the mossy rain forest a cheerless place, 
1 he dense undergrowth and network of aerial roots make it as hard 
as any type of fotcat to traverse. 

As the mountains are ascended the forest changes in chanicicr, 
becoming, generally speaking, more dwarfed ^ less luxuriant and 
less like the tropical rain forest as one goes upwards. The nature 
of the forest at a given place depends as much on exposure and 
slope as on actual altitude; thus on exposed ridges and summits 
on the smaller * high ^ klands the rain forest may be reduced to a 
mere scrub, though the altitude is only some 3^000 ft. Mkt forest 
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simikr to that occurring at about 8,000 to 10,000 ft. in N(5\v Guinea 
covers ridges in New Cakdonb and the Marquesas which arc less 
than 5^000 ft. high. 

In Kew Guinea and iia^vaii the mountains are high enough for 
the climatic tree linut to be reached and here a aerica of forest zones 
from the lowlands upwards can clearly be distinguished. In New 
Guinea the tropical rain forest is succeeded at about 1,000 ft. by the 
’ foothills forest"p which is less luxuriant and also differs in leaving 
fewer lianas, epiphytes and trees with plank buttresses. In the 
upper part of the" foothills forest ‘ the first conifers appear. Between 
4,500 and jj$oo ft. the footltilJs forest gives place to the mid-mountain 
forest^ in which the hoop pine {Aratii^n^ Cunnitighamii) is one 
of the commonest large trees. Other conifers and two kinds of 
oak are also plentiful. 'This is a typiod montane rain forest. The 
next sone, banning at an average height of 7,500 fL, is the moiasy 
forest, which has already been described. Finally, from about 
lOtOoo ft. to the tree limit at about t^^ooo ft. is a drier type of forest 



Fig, 60. AUuriia maiu^tiuna, candknut tree 
A conmion Paciftc islanchi tree. The leaves have a cKaracten^tie froitcd 
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consisting predominantly of conifers (Podocarpus, IJbocedrus^ Dacty- 
diuin, Fhylhcladm) with some broad-Ieaved trees intermingled- 
'rhis donation depends on the gradual change of climate : with 
increasing altitude temperature diminishes steadily* hut humidity' 
increases up to a maximum in the mossy forest (mist zone) and 
aftenvards decreases. 

On the windward (tvet) sides of the larger Haw^aiian islands three 
forest zones can be recognized, but the zonadou is much compli¬ 
cated by local differences of humidity, slope and temun (young and 
old lava, etc.) as ivell as by the partial replacement of the priman' 
forest by secondary' vcgetation+ so that it is difficult to give exact 
height HmiLS. All three zones arc rnbetum of broad-leaved trees 
without conifers; in the lower zone characteristic trees are the 
candlcnut {AUiintis moluccmn ; Fig, 6o)* and the km {A^nda 
koa). In the middle zone the ohm {Metrosideros polymorpha) is 
characteristic, though it is present all the way from sea-level tO" 
9^000 fi. In the upper zone tlic species are few and the forest has 
the general character of mossy fortist. 

The timbers of the subtropical and montane rain forests are 
mostly hardwoods^ except for those of the conifers, and are like 
those of the tropical rain forest. The montane rain forests of the 
Haw'aiian islands produce some excellent woods which arc exploited 
on a considerable scale both for local use and export. In the other 
groups of islands, though there has been much destrticlion of the 
forests, the limber has not been made tise of on a large scale, rtirdnly 
owing to the inaccessibility of the forests. Fat ntore important 
than their possible value a$ producers of timber is the value of 
these montane forests as a protection against soil erosion and in 
conserving and regulating the water supply of the lower, more 
Thickly popuLiited land. I’his is particularly true in the ilawaJian 
islands where rain forests often cover slopes which appear to be 
almost vertical. 

Sewndi^ry I'egeladm of Ifei {SiCQttdary Rain Forests, 

Scrub, Fenibrukes^ Grtissland) 

I'hc types of vegetation which may arise after the dcatmclion of 
rain forest are many and varied and cannot be described here in 
detail In the first place there are the secondary rain forests* which 
differ from the vii^gin forest they replace In being lower and generally 
thicker, and more difficult lo penetrate owing to the dense under¬ 
growth and more abundant creepers, I'he trees are mostly soft- 
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wooded. rapidlj’-gTowing species which ai^ alinost worthless 
economically. The flora of these sccondaiy forests is always poorer 
in species than that of the original primary forest. When young, 
secondary forest is easily recognizable, but left to itself it becomes 
more and more like primary rain foresL Much of the existing rain 
forest on the ' high ' islands of the Pacific is probably secondary— 
for instance the ' intermediate forest ’ of the Marquesas, dominated 
Hibbeus tiUiuieus, and all the forest on Rarotonga, except at high 
altitudes. 

Besides the secondary r^in forest there arc many other types of 
secondary vegetation which are much less like the original primary 
forest ^for example the scrub formed by shrubs such as the guava 
{Piidium gtii^ava) and the troublesome Untona (Fig. 6r), which 
Cover huge areas in both Fiji and llawaii. Another secondary type 
is the feinbrake of Gleichettia [Dicranopteris) URcarb (Plate 41), a 
plant which perhaps covers a greater area in. tiie Padlic islands than 
any other single species. It forms dense thickets 10 to la ft. high, 
w hich can be penetrated only by hacking a path. In many places it is 
spreading at sm alarming rate; in Kjpapa gukh on Oahu (Hawaiian 
islands), for instance, it is said to be advancing some 3 ft. a year. 
Finally there are several types of grassland which can arise after the 
destruction of rain forest. In New Guinea and the neighbouring 
islands there are large areas of the tussocky alimg-alang grass 
[Ituperata, Pble 4' ), which also covers much former forest land in 
the Malayan region. In the Marquesas the introduced grass Potpaium 
fon/qpo/wffi ifl tending to replace both the primary rain forest and the 
' intermediate forest'. In the Hawaiian islands a number of non¬ 
native grasses have established themselves over large areas. 

All these secondary types of vegetation are believed to be stages 
in succession following the destruction of rain forest. The course 
of these successions may be complicated and will depend, among 
other things, on the kind and duration of human interference On 
islands where the oid forest has been emirdv destroyed the succession 
might take a very long time and the forest might never become 
identical wnth the original owing to the lack of parent trees to provide 
suitable seedlings. 

A general pimure of the origin of secondarj- vegetation from rain 
forest can be obtained m New Guinea, where the course of events 
s«ms to be fairly stratghiforward. The natives, as in most tropical 
counmes, practise shifting cultivation. A patch of virgin tropical 
ram forest .s cleared by felling and burning, and one o^wo tmps 
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Plate 43. .Sei;flnclar>’ Mfa^^land, upper Ramu basm, 
New <juine^ 
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of taro (Fig. 62), yams or swc^t potatoes (Fig, 68) are grown. The 
land 1$ then abandoned and in an incredibly short space of time small 
soft-w^ooded trees such as Trma, AtpAii^mia and various species of 
Maciiranga spring up and soon form a dense secondan^ forest zo to 
60 ft. high. These trees are short-lived and in course of time they 
are replaced by slower-growing species winch have grovm up in 
their shelter. These slow-growing trots are similar to those found 
in the virgin forest and, after a period, the length of which is un¬ 
known, the succession^ if uodbturbed, would undoubtedly lead 
back to something very like the original rain forest. The natives 
however often dear the land again after a lapse of about 8 to 10 
y::aTs, which gives time for the humus used up in the last brief period 
of cultivation to be built up again in the soil. Civilized government 
and peaceful condiEions tempt the natives to cultivate the land on 
a shorter cycle and under these drcumstances grasses such as the 
lend to invade the area and gradually convert it into 
useless grassland. The natiA^s cannot cultivate the grassland; 
they bum it periodically to drive pigs and wallabies tvhen hunting. 
In this way grassland arises as a bioEic climax derived from rain 
forest. Destruction of forest in ways similar to this has taken place 
on practically every Pacific islands 

Priwwirv arjd Secondary V'*€getatioii of Dry CUmettes 

In New Caledonia, the dry belts of New Guinei, and on the dry 
lec side of the -high' islands, uncultivated land i$ covered by ever¬ 
green forest, scrub or by some kind of grasslimd or sa%"annah (Plates, 
39 ^ 45)- 1 he dry types of vegetation are naturally more liable to 

damage by fire and grazing animals than is raii^ forest and its deriv¬ 
atives^ and probably revert to their original condition more slowly» 
1 he difficulty of distinguishing betw^een primary and secondary 
vegclalion is therefore greater than In wet elimatt^^ and since our 
knowledge of the vegetation of dry areas is very incomplete, all that 
can be done now is to mention some of the chief types of vegetaEion, 
leaving their classification to ihe future. 

Dry Evergreen ForesL This is well developed in soulhem New 
Guinea and New Caledonia. On the Ice sides of the Hawaiian 
islands a dry type of forest is found above about 1,000 ft.^ but at 
lower altitudes the native vegetation of the dry regions has been 
almost completely replaced by weeds and cultivation. Relics of 
dry evergreen forest exist in Fiji and the Marquesas; in Easter 
island, which today is covered tvith an almost treeless grassJandf a 
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eyeful Study of the vegetation and chmatc suggests that at the 
time the island \V 3 S first colonized by the Polynesians it may have 
been covered with a forest of the small tree Sophora toromira and 
perhaps by other endemic trees w hich arc noiv quite extinct. Manv 
dry areas which arc now covered with grassland—e.g., much of the 
south-east coast of the Gulf of Papua, and the ttalaih^a country 
(i.e , leeward land with a low' raitifallj of Fiji—were quite probabF/ 
forested at one time, hut most of the trees have long since disap¬ 
peared, owing to felling, persistent burning and grazing. 

The most typical dry or savannah forests of the Pacific are probably 
those of New Guinea, The chief trees arc species of Eacaiyptus 
associated with other Australian trees, such as the paper-bark 
{Melaienta levcadendron) remarkable for its silvery leaves and thick 
fissured bark, which peels in thin papery strips. In the foothills, 
groves of a species of CaiunTina appear. The whole appearance of 
these forests is almost exactly like those of the drier parts of Queens¬ 
land. 

A remarkable series of ivpes of dry' forest, varying very much in 
character, is found in Nevv iLaledonia. On die one hand there are 
close evergreen forests with a shade-bearing undergiowih, the trees 
reaching a height of about too ft,; on the other there are open 
savannah woodlands of MdaUuta (here called niaouli) with a ground 
cover of grasses and herbaceous plants. The tall closed forests 
differ only slightly from rain forests; the trees tend to have rather 
smaller and more leathery' leaves. Liana.s, as in the rain forests, 
are a characteristic feature, but epiphytes and other plants of damp 
climates are scarce or absent. These dry forests arc cxtrcmelv 
rich in species, the great maJoKty of w hich are endemics not found 
outside the Island. A peculiarity of New Caledonia is that though 
conditions of soil and climate seem much like those of Australia, 
of the two genera of trees most typical of Australia, the gums {Eiua- 
iinid TS'attles one has no nativi^ species and the olher 

only two in the isbnd. 

rhe native dxy of the Hawaiian islands ha%'c been little 

described, but it appears that they are of mixed compasliion and 
very rich in species, considerably richer than the Hawaiian rain 
forests. Though the conditions are suck that many of the trees 
w'ould be expected to lose their leaves in the dry season, only three 
or four species are deciduous, the great majority being evergreen. 
Lianas arc few and the undergrowth is surprisinglv scanty. At 
latitudes up to 2,000 ft. large areas are covered with secondary 
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woodLinds of die aigaroba pr mesqm^^ {Prosopis julif&ra), a tree 
introduced into the islaiid ever a hundred ago and now spread- 
ing spontaneously. Some of these woodiands occupv what were 
once barren dusty pbins on which all natural vegetation had been 
destroyed. The tree supplies food and shelter for cattle, and fire¬ 
wood, and is a valuable protection to the soil against eroaion ; the 
algoroba woodlands are therefore an exception to the rule that 
secondary' forests are generally of little economic value. 

Though extensive thickets of the introduced gua'i-a and Laiilana 
are a feature of many dry areas in the Pacific, indigenous terttb is 
not widely developed. On the serpentine areas of New Caledonia 
there is a very interesting scrub, tvliich as already pointed out, is 
probably an edapbic climax depending on the peculiar soil con¬ 
ditions. It consists of bushes growing scattered or in clump, with 
bare ground bcuveen. The number of apcies is enormous; 
almost every bush seems to be different from all the others. -V 
charactcrbtic of many of them is that the leaves arc cither hairy or 
else extremely shiny, sometimes looking like polished metal. .Almost 
all the species in this scrub arc endemic and many are of great 
botanical interest, but except to the botanist the scrub is a useless 
wilderness. 

Scrub of a teiy different kind is the cliamcteristic vegetation of 
the Galapagos islands (Plates 43, 44), except at high altitudL-a where 
the damper climate allows the growth of montane rain forest. This 
sertjb consists br^ly of cacti and other thorny plants. Though 
many of the species are endemic, the general appearance is much 
like that of thom scrub in semi-arid districts of South America. 

^Dry open woodland such as the Meiu/etica savannah woodland of 
Caledonia grades insensibly into suvonti^fif and sa^'annah into 
trctlcss grassland. Typical savannah, consisting of open grassland 
W’ith clumps of trees and bushes, covers large areas in southern New 
Guinea. The talnsiHga country of Fiji, in which the ground is 
mainly covered with the tall recd-Jike grass Miuanthus japitnioit (or 
possibly M. foritiii/ut} i$ very similar. Savannah also exists in the 
drj' parts 0/ the Marquesas and in Tonga. In Yap (Carolines) there 
is a savannah consisting of a mixture of grasses and many herbaceous 
plants with great numbers of unevenly scattered pandanus trees. 
In savannah areas tlie rivers and stream.^ are generally marked by a 
line of trees or belt of forest, the so-called gallerv forest, ihe gTowth 
of which is made posaible by the moisture in the soil (Plate 41). 

Grasslands of native species are found in the Marquesas and in 
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Easter island, Th« grasslands of the Marquesas (Pbte 45) are of 
considerable botanical iaieriest aa the grasses of which they are 
composed are endemics whose nearest relatives arc believed to be 
American, As well as growing on areas which arc kept deforested 
by grazing, they grow on the sea cliffs where erosion is so rapid that 
trees cannot establish themselves. Sheep and cattle graze on these 
native grasslands, but the more important cattle-raising industries 
of Hawaii and New Caledonia depend on artihdal grasslands com¬ 
posed of introduced grasses. 

Vegftation of High Mourttain Summits 

In the New Guinea mountains at a height of about iz-]4,ooo ft. 
the trees at last disappear, giving place to alpine grassland, bogs, 
low scrub and bare rock, with snow fields and glaciers on the very 
highest summits. In many places the apparent natural tree limit 
15 due to the destruction of the forest by native hunting fires, but 
the true climatic tree limit seems to be reached at about 14,000 ft. 
On the highest Hawaiian volcanoes the tree limit is at about 8,000 
to 10,000 ft., and above this there is mostly lava sparsely covered 
with scattered bushes and herbaceous plants. Some summits have 
a peculiar and interesting bog vegetation, including among other 
plants one of the linglisli species of sundew {Drosera). Both the 
New Guinea and the Hawaiian high mountain flora is imeresting, 
chiefly because of the number of species it contains which are 
identical with, or nearly related to, plants usually found much 
further north. Thus in New Guinea there arc rhododendrons and 
gentians like those of the European Alps; in Hawaii the alpine 
flora includes relativ'cs of the European buttcncLipa, wood sanicle 
and wild geraniums. 


HISTORY OF THE MLGETATION 

No one can study the vegetation of the Pacific islands without 
speculatmg about its origin. Hmv were these islands, some about 
t,Cco mil« figm any other land, stocked with their plant popula¬ 
tion ? \\ here did the plants come from ? What changes has the 
flora undergone in historic times and in the geological past t The 
^wera to all these questions must be veiy incomplete and hesitat¬ 
ing because on all of them eicpefi opinion is far from unanimous. 
It IS mainly m the study of plant dislribution and dispersal that the 
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answers to thcs^ problems must be sought, because up to now 
geological evidence has proved very disappointing. Since the 
problems of animal life in the Pacific arc very similar to those of the 
plants, the distribution of animals must be studied side by side 
with that of the plants. 

Theories 0/ Origin 

Two fundamental facts mu$t be considered at the start. First, 
there as has already been seen, a striking difference between the 
flora of the coral islands on the one hand and that of the * high' 
islands, including New Guinea, on the other. On the coral islands 
the flora consists mainly of widely distributed species, many of 
them found not only tliroughout the Pacifle, but in other pang of 
the tropics as w^clL Nearly all these specie^ have seeds or fruits 
which could be easily carried by birds, wind or ocean currenls, and 
for some of them there is direa evidence tliat they are so carried and 
can establish themselves when they arrive. The coml islands are 
probably aU, geologically speaking, very young and their flora 
mostly consists of recent immignmis. The *high' islands are quite 
dMcrcnt p in addition to the wide-ranging species found on the 
coral islands^ there are many more^ a large proportion of which are 
endemics limited to a single island or group. New Guinea is an 
ancient land mass ^ the ‘ high ' islands of Polynesia which are 
volcanic and therefore cannot be dated with any accuracy, though 
perhaps not vciy old in the geological time-scale, arc certainly old 
compared with the coral islands- 

The second fact which has to be considered ig that the islands of 
the Pacific fall into two groups, those east and west respectively of 
a line running east of New Zealand, near Tonga, cast of Fiji, die New 
Hebrides and Sclomons, and north of New Guinea^ West of this 
line the blands all rise out of comparatively shallow seas and many 
of them are connected with each other or with the neighbouring 
large land masses by submarine ridges. ITiose to the east, on the 
other hand, rise out of the great Pacific depression, an area of sea 
over 2^aoo fathoms deep (Fig 6, p, iiX or from the Albatross plateau 
beyond it. As far as the islands west of the depression are con- 
cemed, there 1$ no serious division of opinion ; it seems clear that 
they received their present population of plants and animals either 
across connecting land-bridges which have now^ disappeared under 
the sea, or across fairly narrow stretches of open ivatec. Even here 
there are many mysteries to clear up ; how% for instance, are we to 
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explain the presence in Lord Howe island of a genus of the 

iris family, the other species of which are all found in ^uth Africa 
and Madagascar ? Some at leasi of these western islands have been 
belated for a very long timeT as is showTi by the high percencage of 
endemics in Xew Caledonia. 

On the origin of tlie flora and fai^ina of the islands rising from the 
Pacific depression and the Albatross plateau there are. broadly 
speaking, two views. 'Fhe one is that the depression was once 
occupied by large masses of land which disappeared in the laic 
Secondary or early Tertiary' Period leaving relics of its plant and 
aiumal life on the present * high ' islands. Opposed to this is the 
view that the ’ high ' islands rose up from a depres^on which has 
never comained any large land masses and that the plants and 
animals found on them are waifs which have been carried over the 
sea by winds, birds and curreriLs^that is, by the same 35 

ibosc by which plants Imvc reached die coral islands, but operating 
over a much longer period. 

I’here are strong arguments in favour of both view's and both 
have to meet difficulties which at present seem insuperable. There 
is no definite geological evidence in favour of the former 
of iand masses in the Pacific depression. The chief argumencs for 
the migration of the flora and fauna by means of land connections 
are : firstly the difficulty of understanding how', for instance, the 
relatively rich flora of the 1 laivaiian islands could have crossed some 
1,000 miles of ocean with only tlic means of dispersal available at 
the present day; and secondly the existence of an ‘ Old Pacific 
Element’, a group of apparently very old species w hich have no near 
rebtivea on any of the continents bordering the Pacific. There are 
also striking resemblances between the flora of extremely distant 
islancU, c.g., Hawaii and the ^larqucsas, Juan Fernandez, and the 
Western Pacific islands. Against this must be set facts like these 
(ij the Hawaiian islands and most other islands in the depression 
have no large land animals, except bats, which arc not certainly 
introduced; (ii) islands of the depression ha\T; a striking lack of 
heaty-ficeded plants (e.g., the nutmegs, Myristica, which arc not 
found east of Samoa), except those which grow' on the seashore and 
have seeds or fruits which float : (iii) the animals and plants are 
nearly all species which at least theoretically might be carried Ijy the 
means assumed; (iv) the fauna and flora of the islands includes 
many 'gaps'—that is, ivbole families which are present on the 
surrounding continents are absent for no apparent reason, the 
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families being usually liie same on aO the inlands. At the 
same time there are other difficulties on the other side. Thus the 
Lobelioidtae and land snails uf die Hawaiian islands are often found 
only on one island : if iheir ancestors were carried over some 1,000 
miles of sea, why are the pre^enc-day specie^ apparently unable to 
cross only a few^ miles ? 

Whether the migration was mainly overland or mainly by sea, it 
is dear, as has already been stated, that die bulk of the Pacific flora 
ongtnated in the ludo-Malayan region, smaller condngcnis coming 
from Australia and from South .-Vmerica, There is also much 
evidence that the continent of Antarctica, which was probably once 
covered w^ith vegetation, and not with ice as now, was a source from 
vvluch Polynesia, as weU as Australia, New Zealand, southern South 
America and possibly South Africa received some of their flora. 

"1 he flora of the Pacific must be pictured as amdng in successive 
waves of immigration over a very long space of lime. The last 
irave has been the cultivated plants and weeds brought by Poly¬ 
nesian^ Asiade* and European inhabitants. The plants thus intro¬ 
duced deliberately^ and still more the weeds introduced accident- 
allVp bii fair to transform the whole appeanincc of the vegetation 
over the greater part of the Pacific. 

Culri^iited Plants 

\^'hen the Polynesians spiead over the Pacific they brought with 
them the chief cultivated plants of their original home in south¬ 
eastern Asia, such as coconuts* yams and taro. It was their skill in 
transporting and cultivating these plants,as wellaa their seamanship* 
which ntadc their long voyages and successful colonizations possible^ 
for no important food plants e^tcept the species of pandanus {Plates 
49 i 55) ^*'d perhaps the breadfruit were natives of the islands to 
which they carne. Most of these cukiv'atcd plants were brought 
to the islands so long ago that they have given lise 10 many local 
varieties, each food plant having a “centre^ where its varieties are 
mainly ooncentrated—-e.g., taro in Hawaii, yams in Fiji* breadfruit 
in the Marquesas. "Phe history of the sweet potato is much more 
obscure than that of the other chief food plants, 'fhe botanical 
evidence indicates, ivithout any doubt, that its original home ^vas 
tropical America* but it is knosvn to have been widespread m 
Polynesia in the cighteent!i ccntuiy and the Maori of New Zealand 
cultivated some 25 varieties of it. U is uncertain whctlier it was 
introduced by Spanish voyagers in the shttcenth or seventeenth 
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ccDturies or whether it is the otiteome of a far earlier cultural contact 
between America and Polynesia. 

The toba^o plant , which also originated in America, was probably 
introduced into the Pacific area in the si:tteenth and early seventeenth 
centuries from Amboina and the Philippines to which it had been 
brought by the Portuguese and Spanish. 

^er Cook s voyages a vast number of food, ornamental and other 
cultivated planu were introduced into the Pacific and are now as 
much part of the landscape as the much older Polynesian intro^ 
ductions, Many, such as the commercial varieties of the sugar 
cane, citrus fruits and the pineapple, are important crops, but 
unlike the taro, breadfruit, etc., they are grown more for export 
than for subsistence. 


Wtetli 

Weeds, which are so conspicuous a feature of most Pacific islands, 
have been introduced both by Polynesians and by Europeans, but 
the great majonty arc European introductions of quite recent 
origin. In a recent census of the weeds on die leeward coasts of 
Fiji, it was esbmated that nearly half the species had arrived since 
1900, Mo^ of these weeds have been brought in unintentionally 
but sotnc, like the guava, ate cultivated plants which liavc run wild j 
k Kflcster's Curse (Clidemia fiitta) have been christened 

with the name of their well-intentioned introducer. A surprisingly 
arge number of Pacific weeds arc of American origin, but there arc 
also^rnany which come from southern Asia, 

Ihe impression that the w^eeds arc actively suppressing and 
driving out the native fiora is probably largelv false. Introduced 
^ants are rarely seen in undisturbed namral vegetation, though 
Crep,sjaporiica now grows in the depths of the rain forest in 
Hawaii. Even m the open vegetation on bva floira in Hawaii 
^here there must be plenty of room for new comers, there are very 
fcw introduced plants. The weed flora only becomes aggressive 
when the t^tivc vegetation has been destroyed or damaged: thus 
guava and Lantmia only invade rain forest when it has been felled 

introduced 
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balance ef nature by ‘ biological contror* Thus in Fiji CHdeimn is 
being ^ucccsafiiUy checked by an introduced thrips; Agnofttysa 
lantanae^ a fly with a secd^ting larva, and Tiiedet agra^ a butterfly 
with a flower-eating caterpillar, have been recently introduced in 
ihc hope of checking Luniaita, 



A shrub of Amenean origin which has run wild snd is now a pe$i in Fiji 
and other Pacihe islanda. The flowera ore pink^ oruigc or mauve. Drawn 
xrom a apedinen in the Chnibridge University Herbarium and from N+ L< 

Button^ Fiora of p- 314 (New Yorfit 

As 3 result of the destruction of the natural vegetation and its 
replacemcm by weeds a considerable number of native plants have 
bcconte estinct In Hawaii it is estimated that several hundred 
species have vanished since cattle were introduced. Many mote 
are on the verge of extinction^ Thus of the three species of Hibhca-- 
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dflphiis^ a handaome gcirns of trees known only from Hawaii, two 
were represented in 1913 by only a single living individual and the 
third by about a dozen trees, 

Man and lus domestic animals arc not only wiping out many 
native species in the Pacific and convening large areas of beautiful 
and potentially usefiiJ natural vegetation into thickets of useless 
weeds, but converting valuable bnd into a desert. An example of a 
man-made desert is thc/muB ataha or terres desses in tlie Marquesas 
—land which has been deforested by goats and cattle, and now, 
owing to long-continued over-grasing, has very little vegetation of 
any kind. A similar story can be told of many other Pacific islands, 
I'or example, Layssm, one of the leeward Havraiian islands, was 
covered in 1896 with good grassland and bushes fi ft, or so high . 


Fig. fia. Co/wofra atiiiquffrmn^ tam 
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the flora numbered 26 species. By 1911, chiefly owing to the swarms 
of introduced rabbits, many of the native plants had been exter¬ 
minated. In 1923 the whole island had become a waste of sandp 
with almost no vegetation. Only four species of plants were left 
and the Laysan sandalwood tree^ knowm from nowhere else in the 
world, was repr^^nted by only a few dying stumps sticking out of 
the sand. 

The history of Laysan and of many other Pacific islands shows 
that here, as in many other parts of the world, there is a great need 
for the understandilng and rational exploitation of the natural 
vegetation. 


NOTES OX SOME COMMON PLANTS 

It may be useful to give here a few brief notes on some of the com¬ 
monest plants; to which lefcrcnee has bt^n roade in this chapter 
and of Avhich most of the names recur in various sections of the 
later volumes of tlie f Iandbook„ The is^slection is neecsaarily rather 
arbitrary l it excludes for the most part plants found only in culti¬ 
vation, but some of the species are introduced plants which have 
become naturalized. For convenicnoc, the descriptions are given 
in alphabetical order. Some common European and native names 
are l^tcd^ but there arc many other native names, especially in the 
Western Pacific, which it is difficult to extract from the literature, 
which arc very localiKcd^ or which arc still unrecorded. Some indica¬ 
tion of the varied uses to which the native peoples put many of the 
plants j$ given, but here also the information is still far from complete. 

Alcufii^i m&Iu€ieaini (Fig* 60. European nirme, candlenut; Hawaiian, 

; Tahitiim, iimtri; Tonfian, Ramton^n, Futunan, tutUfi ; 

Fijtati, tnutM, tuUui, sikeda^. 

This tree, though now mEninun throughout the Padlitr, waa probably 
originally introduced by man from the Malayan regkin. T'hc nuts, which 
arc very hard* euntz^in an oily kernel, which is edible in small £|uaistJtiea. 
In former times, kernels threaded on a rib of coconut leaf w^cre uwd n 
taper or candle. 'Phe tree is tali and easily reengniacd by its drooping 
spear-shaped leaves, which arc about 4 to iz in. long and have a clmracter- 
istic frosted appcsintnce. The ivood is coarse and soon dccaj's. In Fiji* 
the b'^irk is ustkl medteimtily. 

Aloda^ (European name* giant taro , Itarolongsn and many other 
Folyncsion djaiccts, pifraka * Fututifin, Tikopian* pulaka ; Samoan, / 

Gilbert Islands, babm ^ Fijian, ndrunii). 

*l*hi 3 plant, of which two species nro cultivated in the Pacific, resembles 
taro but is much larger and shows a short item above Rtaund. 

It comroofily grows to a licight of 6 to 3 ft., and has large heart-sfiaped. 
strongly-veined, shiny leaves, and a fleshy corm a foot or so in diameter. 
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The leaves ant xistd as wrappers for fi»d+ and also as un^brclks when it 
rains. Tlie which is hard and woody in appearance, is cooked for 

food ; ii i$ a staple of diet io same cwitral cquatorid islands. 

Artocarpus inditt (ELuropean name, breadfruit l Tahitian name, aru i 
TongRO^ Fumaan^ Tikopiaii, pwi ■; Mangarevan, iuind ; FyJan, kulsi^ ut^ ; 
Trobriands, 

This is a ctiltis^ated tree which pmpa^tes itself mainly by shoots that 
sprinj^ from the roots. It grows usually to about 30 ft, but old trees may 
reach 40 or |o ft. The trunk ia slender, with many branches, sparuiBly 
covered with very large djirk green glossy leaves up to iS in. long ; tb^ 
arc deeply divided into ' 5 iigere\ There are a number of varieties of 
breadfruit recognized by the PolynesianSj each with its own name. The 
fruit varies in size from that of a large onmge to that of a. footbaU \ h has a 
tough, rough rind and a soft fleah with a large core holding several seeds. 
The fruit is iiiedible when raw and if cut cjcudea a milky juice : whim cooked 
it has somewhat the consistency but httle of the flavour of bread. It is 
one of the staple foods in some Paciiic islands. The leaves are much used 
for wTapping food^ and the wood, w'hich is red and duFable^ is uj&ed for a 
numher of purposes, including hcai$e posts and canoes. An adh^ve sap 
obtained from the tree i$ used as bird lime and as a caulking material for 
canoes. In 'I'ahJti in former times a. choice t^^pe of native cloth was made 
fmm the inner bark of some varieties of tlie tree. Artouirpm mttgri/oiia 
Gackfruit), somewhat resembling breadfiuit, also grows in some pans of 
the Pacific* but ts more common in the Malayan region. 

B^TTingtomu aimrica Lptaosa, Tahitian name, hutn ; Tongan, 

Samoan, etc.* /iifi# \ ["ijian and Melanesian generally, Thb is a 

tree grawing on sandy beaches, sometimes 60 ft. or more high, but usually 
shorter. The large four-sided fniits float in sea water and are one of the 
commcinest objects of the drift on Pacific shores. The leaves (Fig, 55) mra 
shiny and leathery snd borne in lusettea at the ends of the twigs ^ they ore 
6 to iS in. long. The flowers are about 6 in* wide, with a great tassel of 
pink-tipped Etamens. One or two other species of Barringtonia grow in 
similar situations. The leaves ere used medicinally in Fiji, and the wood, 
which ia white, coarse and buoyant, is used in 'rahiti for canoes. Ocrverally 
throughout the Pacific the narcotic sceda of the fruit are used for stupefying 
ftsh to assist in taking them for food. 

Ermusentda papyrifi^ra (European name, paper mulberry ^ Maori, aute - 
Marquesas, Niue, hiapo; Uvea^ hiap^, tuiu^ Futuna* /ti/s; Tikopia 
fakamarUt ^ * 

This tree is probably a native of south-east Asia* but it is almost univer¬ 
sally cultivated m the Pacific, and often looks ^vHd. The tree rescmblca 
the mulberry, to which, however, it is not closely related. The leaves 
(Fig. 63) sre thin^ with toothed tdges, and sometimea oval and pointt^, 
Mmchmes divided into tliccc. Tiic straight trunk b used for poles, but the 
moil important use of the tree, especially in former times, was as a source 
of doth (oomnioiily known as tapa, ot an eomt areas os Tlus is made 

by atceping the inner kycts of the baik in water and beating ihcin out 
With a hard-wood mallet. 


Cah^ylium inophytlum (European name, native almond: Tahitian mntunu 


NOTES ON SOM£ COMMON PLANTS 


*57 

wide* much'hrandicd ertmuj usuaU^ leatiiog lou'ards the ica. The 
are oval (Fig, 56), rounded at the dpp and are leadieir with a shiny strfsw 
and vtry numerous patallel^ded vrina. The fniit is roi^d and hard. 
In Tahiti, the kaves when young and fresh are used medidn^y, ^ 
tlw oU from the seed fcetncl. Is, Fyi, this oil i» ii«d as « liniment for 
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Fig. 63, Breumnttia papyriferay papcr-mulbcrry im* 

One of the most commonly irultlvstcd trees of the Pacific islands. The leaves 
^'ary in shape, being sometimes divided tike that shown in the top ri^ht-hand 
comer of the figure and sorectLmes undivided. The right-hand twig bea-rs 
male fiowerSp the others female Howera. Based on 
Repository^ voL vn^ plate 4;^^ (London, 17^7); and Botamcai Miiga:dnff 
voL L, pbte 2358 (London p ]823>p 


rheumai^mp and the jujcc from the leaves for lelievtng eye irritation. Tho 
timbn which Is light pink in oolour# and hitrdp is used in eahinet^making 
in Fiji i throughout Pobxcsia it is commonly used for canoe-hulls and 
wooden howls, 

Cflrifj (Eutopcftn name, pApny^^ pavi^paw ; Fuian, olefL and 

ffoki or maoli in aome districia ; Tikopianp itap^ro). 

TTiis tree fPlate 54) was introduced from Americn into the Pacific by 
the early v-oyagers, and lus spread rapidly, espedaUy in areas of Mcondary 
groivth. It grows as a rule u> about tz to 1$ ft. high^ with a light pithy 
trunkp often unb ranched 10 the top^ I'he leaves, which are crowded at tbo 
top of the trunk, are large and deeply divided, rather like those of rlic common 
fig. The fruitp about tlic size of amcloJi, thoLigh somewhat le^s rounded, is 
dark green until ripe, when it becomes a bright Si^llow colour ; the ilesh is 
somewhat tnelon-like, but there are a large number of small black seeds in 
the ccncre. The fruit and seeds contain a certain amount of pepsin. The 
milky juice of the unripe fruit is used In Fiji os p remedy for dyspepsia, and 
the inner bark of the mot as a remedy for ficuralgia. 






VEGETATION 


15E 


C&SvoTina (European mime. Austmliim oak^ imnwDcd i R:cncrilly 

in Folp'.eiia, toa ; Tahiljarij, *£ufc?—because a per^nal mime ^vith the wotii 
toa in ii Mffls adopicd nbnut centuries ago by the Ponmra family of diicfs^ 
oTid respect for them made the people change the name of the liie). 

Trees of this eenus bjc distantly neLoted to the EngiiBih oaks, bccche^T 
clC-, but have more the appearance of t^ifers. The migs arc gtten md 
flwitch-lihc, the Leaves beln^ hardy perceptible since they have been reduced 
to viiry sitiolL teeth. The commoneat spedcs is C. eqaiicfi/oHa (Fig. 46 )^ a 
chat^eristic seashore tree in the Western Pacific, A number of other 
species are found inland in New Guinea and New Caledonia, The 
which is very dose-groined and hard, was formerly widely used for bark 
cloth millets. QJid also for spears and clubs. 

Colocasia attliquofrum fcommonly laiowm as faro, its general Potyncsion 
name j ^langimn name, mninw ^ Futunafi, fd/o; [\ikiipiikap trarrin, tofo j 
Fijian, Ao/o, nrftifo, jidf?ko—Ln some districts only ; Ttobriands wrt; Blanche 
ha>% 1^), 

This common cultivated plant w-ith many V'lrictics is wtdespreiid through- 
out the Pscifit islands. It is an aroid, growing up to about 4 ft. high, with 
fleshy leaf stems and large smooth-Ycined, heart-shaped leaves (Fig, fiz, 
E^late The coim is oval, a few inches in diameter^ and mther like 1 

large potato^ but with a tqaiscr skin and hiur-like rootlets. In I lawail, /era 
which glow's wild propagates hy sEde-shoots, but the culdvmcd varieties 
Me tuuolly propagated by cutting off the top of the corm and rc-plantinjf 
n. with the attached Jca%'cs. iTie plant varies in iis preference for water, 
but most varieties are grown in swampy ^nnd or in irrigated land. The 
corm IS one of the staple foods of the Pacific island peoples, and the leaves 
ire often also cooked as greens. 



^*8-64, fld/dxt, Tahiijftn chestnut 

A large cvercreen witK __ 
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Cf^dia mhcordata (Tahitian namc^ lou: comTuQn nmncs in Polyncsift, 
ijjjij kou or ^i^2na^^a ; PulcopukOp veaffaHma \ Fijiaiip haummindiii)^ 

This is a small, rather buahy trtc» iiaually 15 tn jo ft. high, but ^melimca 
morti with nvaJ* bluntly pDinted Leaves 3 tti 6 ia. long. Jt la in general 
much like both H^TTsandta and Tht$ptsia^ hut is quite diatinct fmm eit^r 
ini ii$ tnimpet^fihnped orange Howers. The tree in some parts of the Franc 
ii thought to have been intrt>duced at wi early date by the Polynisaians, 
who value its durable, easily wo deed wood for building hotisos and cwoes+ 
In Fijip the sticks were rubbed together to produce fire. In Talulii tlte 
wood is now' used by csbinet-makcrai 
Cordylitu urtnimih (eommonly called li in Polynesia and Fiji t Uvean^ 
Tdfigan, n ; Futuninp fii \ the closely related C, aasiraSis is called cabbage 
tree in New ISealand), 

This ts a nsim-Ukc plant with a bmnehed trunk, gTowing up to shout 
Ii ft. highp With a long ttp-root. The drooping leaves, unlike ihc&e of 



Fig- b5> Bugtnia mn/orceiinj, rose appkt Malay apple 


A tree in which the flowers ate home on the lower leafless part of the^igs* 
't'ht flow^ers are crimson and the pleasant slightly acid fruil tinged with pink 
or crimson. Based on Attdrcm'i R^KsiloTy^ voL vii, plale 45® 

^London, 1797). 

palms, nrc sword-shapiMl and undiviiJicd. This is one of lla; iniportant 
econotniu plants of the FohmesLans, who iise the leaves as w'rappmga for 
flshp etc., and the root as a focad. A fermented drink is sometimes also 
prepared from the rootp which is very' sweet when cooked. 

/TrVfroreu (European rmmep yam; known generally in PnljiTtcsia ttwhi, 
uhi or ufi, according to dialect^ but some large varieties are termed kap^ 
or 'apt I Fijian^ katcai^ koi/e,. etc. There is a great range of MelajiMisn 
and Fapuan names for the yam.) 

Vams ate climbing plants (Flare tt6), with tubers, hut there ane m^y 
species and varieties, both wild and cultivated- Some have aenal us well^ 
subtemmean rubera, but the tubets of most arc subrenancan only. I he 
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latter Swiitly in sbee. Many are bIkhh as bi« w a txiy large potato 
or dahlw root, but othcts are long and oompantivety thin. Some tuben 
grow to a bu|j;e lengdi—eiounplea measuted have been to ft. and ti ft 
long, and nearly as thick as a man's diigh. The leaves of the plant are 
usually heart-shaped and small, averaging about 6 in. kng. The tubcia 
of many kinds are one of the staple food* of the Pacific, especially in Melui- 
esia and pom of New Guinea, but some of the wild tvpcs are useless and 
even poisonous. 


Eusefda nutfawetHM (European name. Malay apple, cose apple; TaJiitisn 
ofan ; Hawauan, oAia; Fijian, Aatik0 ; Tikopian, ka^}. ' 

This tree grows to a heiRhi of about 6a ft., and has Ur« daik Breen 
droapmE tea™ fF«. 6s). The crimson-pink flowers grow in cluster on 
the branches behind the leaves. The fruits ate about a Jo. long, pear-shaped 
or oblong and «i^r cniMOn or white splashed or striped with crimson • 
they are juicy imd have a pleasant, slightly add flavour, ' 

Gutttfvda speiitSQ (Fijian name, mhuamban ; Gilbert islands. ut,X 
This IS a tree ij to 30 ft. high, providing a useful hardwood' it growm 
mainly on ^dy shores. The very large, broadly ovd, Cei 

opposite smmgenient on^ the 
.u masses of very fragrsnt white Sowers, openins at 

night; they are tubular like those of c Gardfnia. at 

Tokelau and 

^ PolyTkcsiap puka \ Pukapiilt a ^ pukatiu^^ 

toT'hliLh? ijfthf seashore, with rounded crown, swnetiinB growing 
to a height of 45 ft., but generally much less. It can be known from all 





fquiUtijQlia 
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other common tiets of its habiui by the pointed^ nd-vtlntd leaves, with 
the leaf stelk attached loWfltrfs the middle, » iti the gaidcn Nmiurimm, In 
Fijip the fruits are used medicmally, and in Polynesia generally the timber 
is often used for canoe floats, being light and straight-grained, though not 
very durable. 

fiibisciii (njimed generally in Pol^Tiesia hau or Jaa i Tahirianp 
fati —foimeKy ai»o rfi™ \ Mangaian, 'au ; Niue,/ov x Fiji* mu). 

The giiiden hibbeus, H. ma^sin^mis, h one of the conUTionrat cultirated 
shrubs^ 8$ In most other parts of the tnoplcSp hot it is probably not a native of 
the PacLhc. Of the several native species the most important is H. 

(Fig. SyA). It ia ft much branched shrub Or treCp sometinies reaching a 
height of 30 ft. k is a charactienstic plane of muddy p^ces by the sea or 
by brad^h water, and aho often fontis the main constituent of exten^vc 
u^oods inlandp as tn Tahiti and the Marquesas. It and the coconut are by 
far the most important fibre-producitig plants of the Pacific, From the 
inner bark string and rope are manuftictured by the natives, and pads of 
it are used as wringing material, when coconut creftm is expressed or kAv^ 
made (voL Up p. 617)- lo Tahiti the fi^y braided &bre was formerly 
made into clothing. The wood is used in boat-building and house-building 
and for cftnoc paddles* as u'cll as for firewood. 'Fhe flowers, which are 
ycUow with a mouwn eye, are lllcc those of Thespesi^i (Pig- 6711) ftnd are 



Fig- b?- Hibiscaj iiliactm (left) and Th^petia popvJnea (tight) 

Two very simikir srnall trtc$, both very common in beach foreita and on 
coasts In the Pa^c Islands, Tlie two trees can be distmguished by the shape 
of ibc 1 mv« and by the shape nnd si^e of their fmifs, aa well as by their 
flowers. Based mai^y on E. J. H+ Comerp W&ymi^ Trm 0/ vol. t, 

p. 444 i vol. 11 . plate 1^3 (SlngnponE, 1940). 


r 
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often worn ns ornament. The leaves are aimilar in shape to those of the 
Englisb Itme with a fielt of grty haiia beneath^ in rhe Cook islands 
they arc used as pkteS- 

inocorptu edu/it (Fig. 64, Europwan name, Tahitian chestnut x TahitiftTi^ 
; Tonga, Rarotonga, Tikopia, etc.* tfi t Mangakk ; Fijian, m). 

Th» tree commonly gnrws to a great htl^t^ often reaching 60 ft. ’'rhe 
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IWH Hre Inthery ind cUiptiol, with upcring pmats, and 30 n»timr& are as 
much u 14 in. lonj!. _ffuits, hanging sinffly or in duaten ftwn sknder 

Tvings, aiE of an irRguUr hidney shape, with one seed m a thick fibroua nod 
which is wveral indies long. The seeds, which are conimaniy usedas 
food, cspe^ly when foot crops art scarce, taste miher like chestnuts when 
cooked. The hark of the tree out a red sap when cut. The tnink like 
that of many other troplciil ticcs, has thJo flanges or buttresses, which w™ 
often ^aten as gongs m olden days. The timber is tough, but because of the 
use of the buttresses is of little conunercial value. 

Ipomaea l^atat (^S. 6S. European name, sweet potato; Maori 
^iongHn,fc^a ; Tongan.fHifto/o: TaWtiim,*»™™5 Smoan 'toiiafo’ 
Hawwisn, uala ■, {^^an. Wo ; Fijian, kumala. Ji«wn W/agi'). 

I hu cttepiog plant u a comralvulus, with deeply divided lea^^M about 
6 xn. long, and subterranean tubers rather like those of the potato, though 



P 
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"Fig^ -6$* IpiimQco tkitatar^ sweet pcit^ito 

import root crop of the Padfic. Baaed on Fiori and Paoleni 
ue/wna i/Woffl, part a, fig. {Padovo and Udine iftao^S. anl 
/Jdditoma, vol. ix, plate 306 (NTcw York 1924) *Kl 9 -i 9 o 4 > , and 


thinner and ^rt pointed, and often curved. Them am manv varieties 
wme having tutera. with pmk, >-eIlow or purple flesh. The plLn^h^di 
IS comrwnly cuinvated throughout the Pacific, is usually in^p^t^d hv 
of mtangs from the stem, each with a pair of leaves amched^^t ^ 
m a warm anmewhat sandy soil and is an importom ft^ 

■ '“pi' '“I f» th= iKfiVSr S ”, 

I^tana catrfara (Fig. 6i>. This is a prettv, spreading bush ihaii, , r* 
high, with cluster, of small yellow, orange, piii or whinfl^^e« 
shy s nauve of tropical Anicrita. it was introduced into the 

”0 

Memtideroi (Hawaiian name, tthua, oftia'l 

The vanms kind* of rata and the ' Christmas t™ • nf w,.u, -7 t j 
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from a small c»^r u few inches Jong to a. massive forest tree too ft, 
ni^h- The tufi of crimson at^tticns in the flower is chAraetctisticT the 
size and shape of the Icathciy leaves is very variable. As a tree it is an 
imiwitMt constituent of rain forest in most of the Pacific islands, especially 
m me llawaifan giiHipd 

Monotta eitrifiiiia (Tahitian name, neno Putspuka, \’iue, hohu ; 
Hawaiian, nom ; Fijian, Itura). 

This is a straggling ahmb or small tree on canil islands ami sea beaches. 
It ^ Imown by its very large glossy leaves in opposite palra, four-sided twigs 
and Hie cunous grceiush fruit, rather like an unripe etmwbcny In appear- 
with 9 puniicnt smell. The pulp of the fruit was fomicrty eaten in 
Tahitt, after being passed through water. In Tahiti, the leaves am used 
to gwe a Mvuur to fbh in cooking, and also mcdidnaliy, to reduce inflam- 
niation. In byi, the joung shoots of the plant give a bade mediein il oW 
tor m nngwomi and other diseases. But the most important use of 
the plant in mcwt parts of the Pacific U for dye; the roots give a vellow 
mia me osirk n red one. 

plimtaln ’ Taiiiiijiii namCp mei'a for tJit cultivutcd varietks 
P^w.* 1“^ mountain varicHea j knemn gencmjjy in western 

miXliay/nil), name, ; Fyian. Trobrionds, nti ; 

There are many varieties of tlie banana tecosniMd by llie natives. Some 
are Imown to be of recent introduction, others are long established, but 
^BSiWy none—not even the wUd varieties—are truly native to the f»attfic. 
I hey vary considerably in the size, length, shape and colour of the fruit, 
which IS one of tne staple Pacific island foods. The leaves are commonly 
used m wi^pping;^ for food and araall ardeks. ^ 

Palms, hnth wpd and cultivated^ are a conspicuous feature of the land- 
scape, especially on small islands or in cewtai districte, I’he moat wide¬ 
spread is Cofot {coconut; i^fencral Polynesia name, nm; Tpsw 

hnanda, ; BLmchc bay* lirmo} tlie miKt important economic plant of 
the 1 mfle. It3 onpnol home is uticettaJn, some views indinlno to ttopioLl 
Amenca, Dihcre to aouthME&st Asia as tbe source. Though coconut palms 
are tound on a^ckst » cry island large enou^ to support any knd pknts, 
tney are piubably not nutiv'c there, and have nearly oIwavs been planted 
*re_ often carried long distances by sea, but rotelv succeed in 

OMbtance, 1 he'liquid in Hw 
[bl If '^'5^ sometimes taking the place of Vfctcr, and die flesh of 

?! different stages for food, as wcl! » providing copra, one 
of basic Pacific eiport arttcic. The shell of the nut pmvidea dri^ng 
««d foci; from the husk is made a kind of sS 
*u V a Used OS thatch for houses imd, when dry, os torehes ■ 

the leaflets are plaited into baskets, fims, eye-shades, mala anU^walU^re^! 
^ e dry spathes ere used for fud, and the Bbrous material w'hich covers the 

“ attached to the irunfc h used as straining. 
^ bags Tbo trunk is utilized as timber, and then: are a number 
which parts of the palm are pui . 

paJms^ espcdoily in the Western Padfic, are: the ereca. 
commonly used m betel-chewing; the sago, from 
^ tronk of which a flour la extracted i and the nipa. which like foe s^ 

The indigenous palms of the Pacific are olmost all endemica of a single 
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island or group; Lord Howt i&bnd, for imtanoe, has no lew lhan four 
gpccies not found cl^cwhcrr. 

Fandanus (Pbccs 52, 55), European name, 5 crvw pine; Pol>Ti^Lm 
^«7,/ard and other %^ants, with MMt for$Oinc apedes ; Trobrianda, 
hayhuribvn ; Blanche bay^ tcaum^ 

The many species of pandanus, though called screw pines from the twisted 
arrangement of the leai^cs, are not in any way reloled to ihe true pines. 
They arc all shrubs or trees with narrow saw-edged kaves and slender 
branched trunks supported on a mass of sirdghr stilt roots. The fruit 
some what rosembUs a pineapple in appearencep but is formed of many 
separate hard segments. Species of pandanus arc very numerous on both 
the ' high * and the * low * islands and are often abundant enough to Faroi 
a striltTng featur e of the landscape. One of the most, widespread speciiH 
is P. tectonm. The pandanus plays a ve^' important part in native life 
providmg the people with mats, thaidi. screens and sometimes cbthtne 
from the leaves; scent from the male inaonscena and r-arJous types of 
food from the fruit, which is rich in smreh and glucose. On many of the 
low coral islands, where other cultivated plants can be grown only with 
difficulty, the psndanus fruit is an important part of the diet. 

Fist!fma grandii { —Pt. inarms. A common Polynesian name is pitkay 
This is a tree varying in height from about 15 to 80 ft, and forming woods 
or groves on coral islands and other dry placed. The leaves ore thin 
clhpdcal and obtong, arranged in opposire pairs, and about 3-6 In. long 
and 1 to 3 in. widCr The fruits exude a gum which is used as a bird-lime in 
Haw^i. The trunk is thick, but rhe wood 1 $ soft and not greatly used 
except for canoe Hnats. * 


Ptniphis anduia (Bometimes known os tronwood)- 

This is a bush, occasionally as much as io ft. high, which often covers 
large areas on coml islands, ft provides good hrewood snd the very' hard 
wood IS used by the natives for cs4-iing and fonneriy for weapons The 
^n trunk IS stocky, the branches gnartifd and twisted, beiring Hnoll w^hite 
flowcTS and tiny silky grey leaves. It has mther the appearance of aii 
overgrown Heath. 

frtiUfCEm ( = S. Ko^nigti. Seade rtucc irac>. 

This IS cat tit the coliwncinMi hushes of the seashoit, often «wvErinii 
iise sress on isULnds. 'fhe lesm sr from shout 3 «-> 10 m. 
liRhi BTOcn and fleshy upenng mduslly bickwiuds id the stsJk. The 
flowers (Fig. 53) sre while or pale Jilac, tinged with yellow. The berries 
white when npe. ^ crowned with the remains of sepals, like an apple’ 


rSSZfSllt^. “"-OP'- 

terminal li^t. The flowers ate small and whitish. The fruit which 
in flusKH, n like a tne^m^siased apple, smooth-skinned a^d of a 
^ colour when npe. The skin is leathery' and the flesh is ammatie 

^ ■* ^ pwr-shapedsttds TIm 

wood of the tree la soft and of httle value as timbeV ^ 

Mtappa (Fig. 57), Tahitian name aiilnra'a • Fiiian r*,-;.. 
IS tiec IS commonly planted by roadsides throughout 'ihe^ttop4 ^ 










Phktt 55. Paifdarrm mft, Hivinsa, MarijUefia> 
This sptcluis ^.^nJcitijc to [he isliind. 
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grow9 wUd on sandy h<Ac:bcs in the Western Pacific. Et can be tecogtiized 
by the stiff outstandiLn^ branches arranged in tiers^ and the broad oval 
E«%'es which art botnc in ruscttes and turn red before falling. It resemblea 
BoTTingt^ia, but baa Icaa pointed Ic^vi^s, and its are quite different. 

The fniii i$ edible and the woodp which is close-grained and variegated 
with shades of bmwAp is used in Tabid by Cahinct-malccts and In Fiji for 
gongs. In Fiji also the leaves ate used mcdicmally, 

Tfuip^sta popuJnut (Tahitian namCp nnro^ amae ; Hawaiian, tralo \ Easter 
island H 

This is ve^ like Hibisctii iiltacfuSt but it ii a tree rather than a shtubp 
and the leaves ate tnoie triangular^ with longer points—Like those of the 
black poplar rather than those of the lime. MortovcriP they aie not hairy 
beneath^ The tree grom chiefly on sandy shares. Its handsome dark 
wood is used for car^’ing, and in aotne blandis poles of it are used as rods 
in bonlto hshing, 

T<^mefQrtia {Aftts^ichmdia} mrgfnua (European miinep tree heliotrope; 
Fahirian name, lo^mr ^ PiikapukAp ; Gilbert isbindsp ron; Fijian 

also roFQmmbcntb^ and kaumyaie^^^, ihe second name meaning'butterffy's 
rest\ and the third referring to the use of the plant mcchdnally for w'otnen's 
complaints). 

This IS a tree of dr>^ sandy ground nau the sea, and is often the only 
tree on srnall coral islands. The leaver (Fig. 54) are narrowly elliptical p and 
arc conspicuous for their thick covering of silky hairs. The flow^ers are 
mauve and are similar to those of the true heliotrope, to which the tire is 
rotated^ 


BIBLIOGRAFHJCAL NOTE 

Literature nn the plant Efe of the Pacific consists inauily of papers, mosEly 
in English and German, scattered through a very large numtir of Specialist 
journals. A complete list of the lilcratuie up to 1935 on the flora and 
nf the islands between 30° N and jo*® 3, including Juan Fernandez^ 
New Caledoniap Lord Howe island p Norfolk island, the Kermadecs, and the 
New Hebrides* but excluding New Guincap the Solomons, the Bismar^ 
archipelago, the Loiiuilades^ the Etonin Islands^ and the OalapagoSp^ is giv^cn 
by E. D+ Merrill p' Polynesiaa Botanical Bibliography^ 1773-193 5\ Bmitre P\ 
Biihop Museum no, 144 {HonolulUp 1937). 

General accounts of the vegetation (as distinct from dcfictiptions and 
lists of apecies) are not very numeronSp and the foUotving are some of the 
most useful: 

Tropieul Pacific 

A. M. Adom^n* ^ Marquesan Insects : Environment', Bemtcc P. Bishop 
Museum BitlUtinf no. 139 (Honolulu^ 1936); A- M. Adamson* 'Review 
M the Fauna of the Marquesas islands and Discussions of its Origin \ 
Bmtce P. Bishop Museum Bulleiitt^ no. 159 (HonoluLUp 1939—deals with 
plants ^ well os animalsj; F, B. H- Brown* * Flora of South-eastern 
Pob'nesia '* Berma P. Bishop Musmm Buiietin, nos. S4, 89 and j jo 
^onolulu, 1931 ami 1935} i T. F, Cheesemanp * The flora of Rarotonga ^ 
7 >tfnrarnhnr of the Uanean Sodeiy of London^ series it vol. in, 

PI*' *3 (London* 1903) ; W, A, Sclchell, " Phytogeographical notes on 
1 ahiti * p/Cafiyornih PibikationSf Botany, vol. Slip pp. Z41-90, 

I-3^ (Berkeley, 1916); Ff Reinecke, ^ Die Flora der Samoa-lnseln 
BotamscheJaftrhQcher^ voL XXII r, pp. 237-36^ (Leipzig^ iSo^); Rechinger, 
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‘ Samoa % Vesiiaft&mbUd£r, Reihe vt. Heft i (JtnaH 190$); F+ Vaupcl, 

* Die Vegetation der Samoa-[nscInV Botankc^ JahrbtkJierf voL xliv+ 
Bcibl^tter pp. 47-5S (LetpziffH 19^®) ; W. A, SetcKell^ " American Sainom' 
(part 1* ‘ Vegetation of Tutuib Island ^ t part 3, ^ Vegetation of Rose Atol! % 
Pap^y 0/ tlf€ Bepnrtnttftt o/ Manne Eiolosy, Carnfgit huiiluie 0/ IVajMnstoif^ 
voL 3tjc eWa^ington, 1^14) I L H. Burkin^ ' The flora of Vav-aUp nnc of 
the Tonga islands Jotirnai thi Unns^n SiKifty */ LQitdQn {ijoffinj’Jp 
vol- x3C^Vp pp^ 20-6$ (London^ 1901) ; R. A. Sykes^ ' The Forests of the 
Colony of Fiji \ Fiji Le^iiiatUr Ctmndi Cottndl Faptr, no, 1933 (Su^Tit 
1933) ; A# C. Smithp * Plant ooUccimg in Fiji *, Journa/ 0/ fAe JVrM Fori^f 
Batamcal GardefVf vaL x*:kv, pp. :;&i-So (New Yorkp 1934); W. Greenwood, 

^ " 1 "^ adveotiv^e and weed flora of the leeward ooasta of Fiji Pr 0 Cf&imgj 
0^ tAe Lr'jTJWoo Society oj Lund^fi^ vol. ci.!V, pp. 92-106 (London^ 1943J t 
V. MacCaughey." A survey of the HawaJian land Flora V Batani^ 
vol. LJKiv* pp. »9-ii4 (Chicago* 1917); V, MatCaoghey, ‘Vegetation of 
Hawaiian lava flowaV Bofamcal Cciae/i#, vol. JJtiV* pp. 336-4:20 (GhJcagai, 
1917) ; V. MacCaughey* ' '[he strand flora of the l lawaim Archipelago** 
BufYetrn 0/ the Torrey Botamcal Cltib^ vok xnv, pp, 259^77 p 4S3-502 (Ntw 
York* 1918); E. Christopher^n and E. L. Caum* ' The VascrtiLij: Plants 
of the Leeward Islands^ Ilav^ aii'p Benti^e P. Bishop Mmeum BuIUlin, no. 81 
(Honolulup 1931) I E. Christopher^n* ^ The VcgeOiijon of the Pacific 
Equatorial Islands^ J!Jerni« P. Bishop MttSfUm BuUetm, no, 4+ (HonoluJii, 
* 9 ^ 7 ) p _ C. Hedicy, ^ The Atoll of FiJiiafutip Ellice Groiip*p Alemairs 0/ ihe 
Ausirnliaft A/utmn?* vol. lit* part i {Gcncml Account)^ pp* 1-71 (Sydney, 
iSnfi)^ G. Volkcns, * Die Vegetation der Kjimlltien*i Botamsche Jahrh^ldserf 
vol. XJpCl, pp. 412-^7 (Lcipzigj i9®i) I A* Ouillaumin, * Essai de g^ographle 
botanique dc k Kouvcllc-Caledonie \ in F. Sarasln and J* Rotiv, Nova 
Cattdonia, B: Botanique^ voL i (Dorlin and Wic^badcnp 1921); A* U. 
Daniker, ^ Ncu-Calcdonicn, Land und Vegetation \ Vi^idJaJtrs^hiifi der 
fmturforsrhenden Geselhdsaft in Zii>tc/i* voL utxxiv* pp, 170-97 (Zuridi, 
1929) ; K. Recrtiinger* ' Vcj^etatiQnshilder aus dem Ncu Guinea-Aithi pel \ 
Vti*etaiiofishitdier, Reihe V|, ikft a (Jena, 190^) ; K. Rechingerp ‘ Qntanische 
und j^logischc Ergebnis^ ciner wissenschaftliche Forschungsreise nath 
den Samoainseln^ dem Neuguinea-.Arohipel und den SalomoninKln 
Denksshriften der Kaiserlidien Alutdtinu der Wiss/rttsiJiaften, Witm ; AUthe- 
mafische Nattirtinssenschn/tlidie Kiorse, voL uoxVp pp. 202-28* and vol. 

pp. ^6-^3 (Vienna. 1910 and 1914)* H, j. Lamp ^ Vegetations- 
bilder aus dem Inncm Von Neu-Guinca ^ Ve^datiotuhUder^ Reihe XV 
tTeftc S77 (Jenap i 9 :: 3 -= 4 ) I C. E, Lane-Poole, Tfm Forest Reiourm 0/ the 
Ternreties of Pnpoct Md AW Gmnea (Parliament of the Commonwealth 
of AustraliBp Conherro* 1915). 


Ks^tra-Tf^picni Padfic 

C, J* F. Skottaherg*" Vegetntionsbiidcr von den Juan Femandez-lnseb V 
yegttsfionsbitdrr, Rciht vm* Heft a (JcDa* 1911): C. J. F, Skomberg' 
Studien fiber die Vegetation dcr Juan Femandex Inseln Ktinsiliga SvensM 
FelenshapMkade¥mens Ha 7 tdiia;^£tr, t'oL ti, no. 9 (Uppsala and Stoddiolm 
[914) ; C. J. F. ;Skottsbergp * The Vegetation of Eaater Island/, in 
I^alural Hiii0fy of funn Fernandes and Etafer Island, voL 11 part 4 no 
487 -S« (Uppsala, I92J4); W, R, B. Oliverp ^ The vcgi.tatidn of the 
Ktrmadec Islands . Trameuiiions ami Preetedingj 0/she Neve Zealand ImiifntM 
toL XLrr* pp. I Tlt-t75 fWdUngton. 1910) ; W. R. B, Oliver.' The 
and flora af Lord Howe [$1and Traiuwliom and Prwetdiiigt aj /V^V<fw 
Aealand ImlituU, voL XLIX, pp. P4-161 (Wellington, 190). 
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^ In ird^cion, reference may be made lo H. U. Guppy, Obsmaitam of a 
Naturalist in the Padjie^ ll f^ndon^ wfiich, though mainly 

enneemed with problems of plant dispersal, gives much general iidotmiLpan 
about the vegetation of Poljmcsia. O. Slerrill, * ftfan's in^ucncc on the 
vegetation of Polynesia, with special ccfereiice to introduced apedes \ 
Proceedings of the Sixth Paeifie Science Congras, vol. V4 pp. (Berkeley 

and Loa Angeles^ ]94o)f la a useful aocount of the mipations of weeds and 
food pUnta, 

'Floras* 

The identification of plants from the Pacific fa often a difficult mattc4^ 
and is in general a task for the cfcpert with access to one of the great herbafiii 
such as those of Kew and New York p tlie Bishop Museum hefbaxiuTn at 
Honolulu ia the only large collection entirely devoted to the Fadlle There 
is no gtRerftl ^ fioitt * of the PsciHcp but the following regional ‘ floms " are 
of importance : 

F* B. H. Biw-n, * Flora of South-eastern PolynesiR % Bmrice P. Bishop 
h^seum Bulletin^ pos. 84, S9 and 1^0 {Honolulu, 1931^ 1935! ; E. Christo- 
phersen, ' Flowering Plants of Samogi % Bernice Mishap Musesurj Bidletin, 
no* 128 Ctionoltilu, 1915) J EL Drake del CastiDo, Flore de la Potyrnsie 
franpaise (Paris, 1893) ; W- Hihebrand, Fiora of ike Hatcaiian 

Schumann and K, Lauterbach* Flora der deu£sche$i 
Schulsgehete in der Sudsee {Ldpstlg, rgoi, wtth aupplement 1905) \ B. 
Seemwin, FZflm Fmejinr (London^ i8fis"73>. J- The Indigenous 

Trets of the Haixauan Islands (fionoluluj, 1913) is also very valuable. 


Chapter VI 
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l>cBtructiori of Forests : PrKcot Situation : J^iblickfcmphJcfll Note 

Forests are Deeess^iy to human prosperity for several reasons. In 
the Pacific [alands they are a source of food and other materials, 
such as timber and fuel, and they play a part of equal or greater 
importance m conserving and regulating water supplies. In rugged 
mountainous oountiy subject to hca%y rainfall, such as the * high ^ 
islands of the Pacific^ their value in protecting the soil against 
erosion can hardly be over-estimated. 

Ch^er by far the greater part of the land area of the Pacific, forest 
is the natural climax vegetation. Except on the smaller coral islands^ 
which are, and always have been, poorly provided with Luge trees, 
climate and soil are ev'erywhere suitable for trees to groAv; until 
quite recent times a large perceniage of the surface was in fact 
forest-covered. The forests are mainly evergreen ram forests^ 
Consisung mostly of slow-growiTig hardwoocb forming mixed stands 
with no single dominant species. The Western Pacific islands^ 
particularly New Guinea, New Caledonia and the Fiji group are, 
however, fonunate, and indeed almost unique among tropical 
countries, in possessing also forests rich in conifers, such as the 
kauri and the hoop pine, which yield softwoods. Eccause they are 
easily worked and even in grain^ these coniferous limbera are used 
in far greater quantities by modem communities than are the 
generally more durable hardwoods. 

Destruction of Forests 

Though forests at one time covered so large a part of the Land area, 
the Pacific islands, far from being one of the w^orld^s great timber- 
producing areas, are today for the most part not even self-supporting 
in timber. In many islands soil and water supplies have suffered 
gravely, or are now menaced, by the destruction of the forests. 
Except in New Guinea and some of the neighbouring groups of 
islands where the popuiaiion b still sparse and primitive, the present 
area of forest is everywhere inadequate to meet the needs of the 
inhabitams and to safeguard the prosperity of agriculture. The chief 
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ajrna of forestry in the PacifiCt ^ ^ most other parts of the world, 
must be to preserve the forests that remain and to increase their 
area by reafforestation and the planting of denuded land. 

The deBtruction of the forests ia only partly due to the felling 
of trees for timber and the clearing of forest land for agriculture. 
In most parts of the Pacific large areas have been deforested by 
semi-wild domestic animals^ such as pigs and sheep, which eat the 
tree seedlings and prevent the forests from regenerating. Some idea 
of the magnitude of this problem wjU be given when it is stated 
that in the Territory of Hawaii, which has the longest established 
and most highly organized forestry service in the Pacific, ±2,364 
goats, 6,483 sheep, 4,^87 pigs and 497 cattle, as well as a few horses 
and donkeys, were killed in forest reser^^es in the years 1928-50. 

Though the coming of the European and his domestic animals 
has accelerated forest destruction greatly, the proc^ was begun 
much earlier by the native inhabitants* Already at the time of their 
discovery by Europeans, many of the less heavily wooded islands 
had been practically denuded of trees, so that timber had become 
a highly priced commodity. Easter island, for instance^ which is 
believed by botanists to have been wooded at the time of its first 
colonization, soon became almost treeless. When Du Petit-Thouars 
visited it in 836-39 the natives were far more eager for wood than 
for scissors or knives. The wood hunger of the Easter isUmders still 
persists^ and eveiy' piece of wood coming to the island is carefully 
preserved. The rapid depletion of the timber on many islands soon 
led to the export of timber from the better-w^ooded islands, t'iji, 
still today better provided with forests than most of the neighbouring 
groups, in pre-European times exported logs to Samoa and Tonga 
for making w^ canoes. To some extent the meagre timber supplies 
could be supplemented with driftwood i some of the most famous 
of the ancient Hawaiian war canoes were made of Douglas fir which 
had drifted across the sea from western North America. 

Smdaltsood 

The first Pacific timber to play a part in European trade was 
sandalwood, obtained frem several species of small trees belonging 
to the genus Soitlwirffli, native in the open forests of the dry zones 
of Hawaii, t'iji. New Guinea and other islands. Sandalwood ia one 
of the world's most expensive timbers, as the heartwood yields a 
fragrant oil and is itself in great demand, particularly among the 
Chinese, who use it in religious cercmoni^. Sandalwood treres 
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were never very plentiful and ihe supply swn became exhausted. 
(For the sandalwood trade sec pp. 269-7!, 29i--2.) In Fiji, the 
von or Fijian sandalw'ood {Santalum yuisi) was at one lime fairly 
abundant in the Mbua province of Vanua Levu, but even by 1816 
it was becoming scarce. In 1929-30, 50 tons were exported from 
Tholo West, after many years during which the sandalwood trade 
seemed to have disappeared for ever. The tree was by then all but 
completely exterminated and in 1930 the government took the 
long-overdue step of prohibiting the export. The history of sandal¬ 
wood in Hawaii is very similar but forest reserves have been created 
in which the tree has increased in abundance very satisfactorily^ 
and before long it may again become an article of export. Tlic 
native Hawaibn Santalum Freycittetianum has been supplemented 
by planting the Indian S. aUntm, which grows faster and seems well 
suited to the soil and climate. Sandalwood was once one of the most 
important exports of Papua, fetching as much as ,^40 per ton; but 
though the supply is by no means exhausted most of the trees 
remaining are in the savannah and gully forests some distance from 
the coast, and are therefore comparativclv inacccsaiblc. Small 
amounts of sandalwood are still left in the New Hebrides and New 
Caledonia. 


Beginmngs of Consenatioa 

llrroughout the nineteenth century and the first quarter of the 
present one the story of the Pacific forests was one of wasteful 
exploitation and destruction by nativee and Europeans alike. Timber 
was recklessly felled without any thought of replanting or 
a stiady supply. Forests were destroyed at an ever-increasing rate 
by clearing, shifting cultivation, and the ravages of domestic animals 
Only very recenUy has it begun to be realiaed tliat the protection of 
forests IS econoniically vital, not merely in order that the blands 
may become self-supporting in timber, which in the future may not 
be so easily obtainable from abroad, but to provide for the conserva¬ 
tion of the^ soil and water necessary for agriculture. The first 
administration to become alive to the dangers of deforestation was 
lliat of the Territory' of Hawaii, where the sugar plantcre have lone 
rralized the necessity of forests as the collectors and conservers of 
the ram water used for Irrigating the cane fields. An efficient 
forestry department has been active here for many years the first 
forest reserve being cstablbhed in 1904. Other areas have beS 
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slow to follow suit; in Fiji a forestry department was not created 
Till 1937* and in the Territory of New Guinea not till 1938* 

Present Situation 

The present position of fpre$tiy‘ in the Pacific so different in 
different areas that they must be dealt widi separately^ 

Hmcaii 

In the Territory of IlawaiJ the total fon^t area is t, 100,000 acres, 
of which a75,ooo acres are in accessible situations. This is equivalent 
to rather more than a quarter of the land area, or 2-6 acres of forest 
per head of population. There are no native conifers or softwoods 
of any kind ; the natural forests consist of slow-growing hardwoods, 
of w'hich the most useful are the kaa (Ac<icia ko^) and the oftia 
tehua {Metr&sideros pQfymorpfm). Both of these produce timbera 
which can be used for making fumiture, ukuleles, vmecra for radio 
cabinctSp flooring, etc,, but aie not suitable for large-scale con¬ 
structional work. Redwood and Douglas fir can be imported cheaply 
by schooner from the United States for building purposes, and it 
is considered more economical to do so than to attempt to produce 
softwoods locally^ The a^arob^ (Prosopis juHJi&ra), introduced into 
Hawaii in iSaSp has been spread by animaJs and now covets over 
100,000 acres, chiefly in the dry' lowlands. This tree Is the chief 
source of firewood, and large quantities are used particularly by 
the United States Army, 

Because of the limited usefulness of the native timbers and the 
mountainous nature of the country, forest policy in Haiivaii aims 
primarily at conserving and regulating the mn-off of water, and not 
at timber production. About 10,coo board-feet of koa wood arc cut 
yearly, and small quantities of this and other native hardwoods arc 
used locally, A very small amount of timber is exported to the 
United States, In the government-owned forests, which form 65% 
of the total reserved area, no timber at all is cut^ 

ITie main work of the forest administfation consists of reserving 
and protecting the existing forests and replanting treeless land, 
panicularly on watersheds. In 1931 there were 63 forest reserves 
on the five largest islands^ varying in size from to to 1^2^782 acres^ 
the total reserved area amounting to 1,021,314 acn^. Reserves not 
belonging to the government are mostly owned by sugar plantation 
companies and large estates. "The actual field w'ork of the forest 


172 


FOKESTRV' 


service consists mainly of fencing, destroying harmful animals such 
as goats and sheep, and planting denuded areas. The chief species 
planted are introduced trees such as American white sah and 
eucalyptus and various other trees, many of them imported' from 
Inc^ and Australia. These foreign trees grow faster than the 
native species and seem weU suited to Hawaiian conditions. There 
IS no unfavourable season for planting, so it can be carried on all 
the round. The seedlings are raised in fiats and pricked out 
mto broes or rejected cans, which can be obtained free of charge 
from the pinc^ple canneries; the soil used is carefully sterilized 
to kiU ^ta. The young trees must be planted out with their ball 
of earth, as trees planted in the usual wav with bare roots do not 
s^ve the drying winds and scorching sun. Special attention is 
given to gullcys and other ground bared by erosion; the Australian 
t^ t^amia U particularly useful on such land. Some 

burned or otherw ise denuded areas have been successfully afforested 
by scattering tree seed from aeroplanes. Apart from wild animals 
one of the mam cnemi« of the forests is the aluhi (staghorn fern, 
OiettAema /wiram), which, as in other parts of the Pacific, ferms 
deoK tluckets which spread very rapidly. In droughts these 
thickets become so dry that they catch fire very' easUy ; they ako 
lend to invade the forest, smother the young trees and prevent 

regenwation. No successful way of controlling this pest has vet 
been found. ^ 

[*he forest administration consists of the territorial forester with 
four trained assistants, one to each of the main islands. In addition 
there are i8 forest rangers and 64 men engaged in tree planting 
and tending the nursenes (1931 figures). The cost of the work is 
met by appropriations made fay the local legislature and by a grant 

hlcNai^^r government under the Clarke- 

jVctp Guinea 

Guinea make the sharpest possible contrast 
with those m Hawaii. Here the greater part of the land is foresu 
covered; the population is relatively veiy sparse and problems such 
as er^ion and water conservation arc not yet urgent, '^fhe forejr 
can therefore be regarded mainly as a source of timber for both 
local use and export. The forests arc mainly mixtures of rZv 
s^es of hardwoods, some of them, such as the faun (PornffL 
pmnata) and the • New Guinea walnut' {Dm(cnt<»nt}umma}gijerum), 


PftlSENT SmJATJOX 


*73 

of fairly good quality. The best hardwoocis, for instance, the 
kamatere {Eucalyptus dtglupta) o( New Britain, and Afs:clia bi/uga, 
occur too locally or in too small quantity to be exploited economically. 
One timber tree, the erima or rlima {Octomela sumairana)^ which 
produces a Ught-coloured^ light-weight plywood of fairly general 
utility^ is exceptional in. being social, sometimes grqming in nearly 
pure stands. Besides these broad-leaved trees, New Guinea 
possesses fairly large quantities of valuable coniferous softti'oods, of 
which the b^t are the two kinds of boop pine, Araucariii Cunning- 
hatfui and A. Kliuhii, These conifers arc found in the mountains^ 
generally above 4,000 ft., and are therefore often difficult or 
impossible to exploit. In some places, however, they have provided 
a large amount of timber for local use—for instance in the Wau gold- 
field, where several small towns have bsen built largely of Araucaria 
timber taken from the neighbouring forests and sawn up by 
machinerj' imported by air* 

The export of timber from Ne\v Guinea b handicapped by the 
scattered and often inaccessible supplies, by the dbtance of suitable 
markets, and by the proximity of Australia^ which produces some of 
the world's best hardwoods. In recent yeais, how^ever, the depledon 
of home-grown supplies has led Australian sawmillers to look 
further afield for supplies, and this has led to the establishment of 
a number of sawmills in the coastal areas of New Guinea. Timber 
exports from the Territory of New' Guinea, which in 1933-34 ^^re 
valued at only £jSo, rose in 1937^39 to £6,030 of lags (equivalent 
to 3,103,996 superficial ft.) and £480 of sawn timber* 

Jn 1925 a lengthy report was issued on a suivey of the forests of 
Papua and the Territory of New Guinea by C. E. Lane-Poole. 
Inspector-General of Forests in the Commonwealth of Australia. 
One of the recommendationa of this repoft was that a staff of 
qualified forcstei^ should be set up. This recommendation was not 
carried out till 193^^ wben tw'o Australian graduates w^ere appointed. 
The most important duty of these officers, apart from exploration 
and detailed survey of the forest.^, has been to control exploitation 
by a Kj^tem of licensing and to introduce a regular Inspection cf 
Ic3g5 intended for export—the reputation of New Guinea timber 
having suffered in the past because logs badly infested with borers 
had been placed on the Australian market. At the end of 1938, 
nine sawmills w^ere operating in the Territory of New Guinea and 
about 6 o,oqo acres of government land were held under permit 
to cut and remove tlmbcrp 


FORESTRY 


^74 

Fiji 

In the Fiji islands the present cdndjtion of foncstry is to some 
extent intcmicdiate between condidons in New Guinea and those 
in the Hawaiian islands aa, though there is a fairly dense population 
there are still considerable areas of forest in accessible situations, 
^rhese forests are of oonsiderable economic value for supplying 
timber for local consumption, as tvell as for maintaining water 
supplies and protecting mountain slopes against erosion. The total 
area of the forests is 2,366,000 acres, of which 2,317^^000 acres are 
rain forest and 48,900 acres are mangrove forest. The rain forest 
consisis mostly of hardxvoods, none of which are of outstanding 
commercial value. But in some places there are large quantities of 
valuable coniferous woods, notably kauri {Agathis vttienm) and 
ndakiui salusidii (i^Oiforcrr^fiJ both useful softwoods for 

a variety of purpose!—as well as yaka {Darrydium eh^um}—un 
excellent wood for high-class furniture and similar purpos<^. 
Kaurula {Endospemium spjj is used locally on a large scale for 
making cases for bananas, pineapples and vegetables. The sandal¬ 
wood in the forests of the dry zones has already been mentioned. 
The mangrove forests of the Rewa delta and Na\^a are the chief 
source of fuel in the islands for both domestic and industrial purposes. 

Uniil very recently timber was felled with little restraint by both 
natives and Europeans ; there was no attempt to maitiUin a sustained 
yield or to reafforest denuded areas. The Fijian Kauri Timber 
and Land Company held a concession to cut limber (chiefly kauri 
and fidakm saittsitlu) at Nandarivatu in the mountains of Viti Levu, 
Another concession was held by Pacific Timbers, Ltd.^ covering 
225,000 acres in Vanua from which nearly all the yaka cut in 

Fiji was obtained The nvangrove forests which, unlike the inland 
rain forests, belong to the Cron,vn and not to the natives, were 
exploited under licence in a very wasteful manner, chiefly by Fijians 
at Rewa and Punjabis at Navua, In addition, Fijians were allowed 
to take forest produce from the mangrove forests for their ovm 
domestic me, but not for sale. In spite of the large amount of native 
timber avaikbicp about two-thirds of the timber consumed in Fiji 
was Imported from Canada. A common complaint was that, though 
local limber was durable, it was not available in sufficient quantities 
at the right time. 

In 1930-32, R. A. Sykes was seconded from the Nigerian Forestry 
Depa^ent to Burvey the Fijian forests and draft a forest policy. 
In this report U was pointed out that the consumption of the best 
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native timbers greatly exceeded the rate of replacement; unless 
steps were taken to limit exploitation and replant the forests the 
useful timber u^uld soon be exhausted. A detailed forest policy 
for five years in the first instance was suggested, the iota] cost of 
which would be 1^,500. It was hoped that this would ensure a 
sustained yield of timber and eventually make the islands self- 
supporting in timber. The proposed forestry department was not 
in fact set up till 1937. 


Other Areas 

Apart from Hawaii, New Guinea and Fiji diere is little to note 
on forestry in the Pacific. Elsewhere, except in New Caledonia, 
there is practically no organized exploitation of timber, though the 
kauri concession on Vanikero should be mentioned. It U evident 
that the only part of the Pacific which lias any prospect of establishing 
itself as an area exporting timber on a large scale is Netv Guinea and 
the neighbouring islands. Even there the nature and distribution of 
the native timbers make it unlikely that timber exports will ever be 
very large. For moat of the Pacific, as in Haivaii, the function of the 
forests must be mainly to protect water supplies and soil; most 
islands can hardly hope to become even self-supporting in timber. 
Though the Pacific forests are not important as timber producers, 
they are none the less necessary to local prosperity, and it is to be 
hoped that rational plans for reservation and reafibrestation will 
soon be put into effect. 


UIBLIOGRAPHICAL NOTE 

Wseful short sun’cys of forestrj' conditions in Hawaii: 
C. S. Jiidd, * Forealry in Hawaii for water conservatton', of Fwestrs. 

voL xxrx. pp. 3^13^7 {W&ihington, D.C,, 193(>; C. S. Judd, * Forest 
»»!f Temtary of Hawaii. U,SJV.\ Ptotttdi«gs of the Bixth 
Pacific Sn^eeCons^en. vol. ly, pp, 7 o--Sw (Berkeley and I.o« AorfIcs, 
The chief murou of infurmation on forestry' in New Guinea are 
C. Cl. L^e-Pooic> 27w hwtii ojT tht 0 / Papua and ATctet 

(Pailiitmctitqf thtCommomv^ilihof AiistmUia, »nd 

the following short nciics i J. d'E&p4=b5l9p * The timber tnduiitry in th£ 
of New Gtiin«\ JV«b Guinea A^atltural vol. v, pp, 

(Rahmil, 1939) j J- McAdam* * Noteis on New Guinea \ Empire 
Joj/rwd/, vo\. xvTir, pp, 121-3 (Ltiiislorn, igjg). TI11: report by 
H. A, Syk» on the forests of Fiji appeared as Fiji Legitialtt'e Cauna'l, Council 
Paper^ 9 (Suva, 1933). A atsatccncnt of mare teoent developments !a 
* Annual J^eporc of the Fiji Forest Department for 
Fiji Lcgiilairve Cotutni^ Council Paper, ito^ 15 tSuva^ 1939). 


Chapter VII 

FAUNA OF THE PACIFIC OCEAN AND 
ITS ISLANDS 

Chmraciflrisdcs of Island Fftnina ; produced by Man : Diatribution 

of Pacific Land Fauoa (Birds) : Life tn the Ocean : Pelagic Animals : AmmalE 
pf the Sea Floor : Animals of the Abyssal Depths : Colour and Phosphores¬ 
cence X 'Type^ of Coraia : Growth of Coral Colonies : Animals As^cialcd 
writh Coral Reefs i ^tlangrove Associations : Effects of Seasonal Changes on 
Pacihe Fauna i Fauiui of Economii: Value to Man : Bibliographical Xoie 

The animab of the Pacific area are to be found in such a vast range 
of habitats^ from the tree tops of island forests to the oose at the 
bottom of the ocean deeps^ that it would be quite impossible to 
give even a brief de^ripUon here of more than an insignificant 
fraction of the many very dJffcrcnE kinds. AH that will be attempted 
is a general account of the relationships of the aEiuinals to their 
surroundings and to one another in the most important of their 
many diverse environments. Works giving more: detailed descriptions 
of particular animals are cited in die Bibliographical Note on p« 2u. 

CHAKACTEHimeS OF IsLAND FaUNA 

'Fhe special character of insular faunas rests on the conditions com¬ 
mon to all islands—isolationp space restriction^ and special insular 
climates. The fauna found on an island depends particularly on 
ihe distance from the nearest continental land mass, and on the 
length of time since connection with that land existed, if ever ; 
as well as on such environmental factors as elimate and type of 
vegetation. From a faunistic point of view^^ islands may be divided 
into ttvo distinct types, continental and oceanic islands^ A con- 
tinental island has at some time been part of the mainland, and if 
not too small will contain the same fauna as the land from which 
it was separated. Ancient continental islands of any size will lack 
some groups, wWch have become extinct on the island, or which 
have evolved on the mainland since the separation took place* On 
the other hand, primitive forms which have become extinct on the 
mainland owing to competition with more modem species may 
suHiive on islands. An oceanic island is one that has never been 
attached to a continent, but has been formed independendy in 
mid-ocean by volcanic agency or by the budding up of a coral reef. 
Such an island must originally have been without air-breathing 
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animals and its land fauna will consist nf animals which have been 
able to cross the ocean by Hying, sviimming or by some passive 
mean$« j^nimals which arc incapable of flight or dther aerial trans¬ 
port ^ or to which sea water is fatal at all stages of life historVi are 
e?icluded from oceanic islands. Amphibia and many other fresh- 
w'ater animals $eem to be excluded from oceanic islands for these 
reasons. 

Many different kinds of animals are a ble to reach islands by ain 
Small forms like weak-flying insects and newly hatched spiders on 
gossamer threads may be carried to considerable heights by ascending 
currents of air over land, and before they come down again they 
may drift for great distances; there is an anti-trade-wind current 
of air at no great altitude over the Pacific and mafiy small forms 
may have been carded eastwards by it. The distribution of the 
fauna of the Pacific islands shows that most forms have arrived from 
the west, and therefore against the prevailing winds. Birds and 
more strongly flying insects will be able to fly less aimlessly^ and 
many of them show' a tendency to fly against a weak vdnd* The 
more strongly flying birds and bats will generally avoid being 
blown out to sea; but if they are blown out of sight of land by a 
strong wind the strongest fliers will go furthest before they perish, 
and will stand a better chance of reaching an island. Finally, we 
come to birds like the Pacific golden plover and the long-tailed 
cuckoo, which have such powerful flight and such a wonderfully 
developed sense of direction that they are able to tly deliberately 
from the mainland to the furthest islands and back again each year. 

Other animals are carried lo islands by sea, some by active sw'Lm- 
ming. There is the example of the Solomon islands^ crtscodile 
which came ashore in Fiji and killed several people before it was 
destroyed. Many small animals are carried about on driftwood. 
Weevils must often be carried about the oceans in this way, as their 
lar\’ac frequently live in wood, and this may explain their pre¬ 
dominance on many islands; in the Marianas, for example there 
are more wreevils than all other species of beetles put together, 
l-iaards, especially skinks, are widespread in the Pacific islands, but 
land mammab seem not to be able to survive long on driftw'ood 
and are mostly missing. Why snakes are not more widespread than 
they are is rot her puzzling. A boa constrictor was carried 200 miles 
on a floating cedar tree to St Vincent isbnd in the West Indies, 
and boas range from New' Guii^ea through the Bismarck archipebgo* 
the Solomons^ and the New Hebrides to Fiji and Samoa, Other 
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sfiiikts are found in New Calcdoala and in the Society islands. 
The sea snakes are naturally much more widely distributed. It 
should be notedp however, that the normal curxenis of the tropical 
Pacific (Figs^ izo-i) flow in the opposite direction to that required to 
account for the distribution of the fauna. Logs from north-west 
America arc washed up on the I lawaitan shores and fish-net floats 
from Japanese waters also reach these islands. Bottles thrown into 
the sea off the Central AmcrEoan coast drift right across the Pacific 
and are collected on the Philippines, the SolomonSp or anywhere 
between these tracks. These arc the normal currents today. What 
currents may flow as a result of cyclonic disturbances or other 
abnormal conditions, and what the currents may have been in the 
past:, is not known. American elements are absent from the fauna 
of the Pacific islands other than the Galapagos. Juan Femandez, 
and islands near the American coast. Probably the distance is too 
great and the drift too slow. 

The islands west of a line drawn from the Bisimrek archipelago 
and the Solomons through the New Hebrides, Fiji and Tonga to 
the Kcrmadccs and New Zeslandp including the i^hmds named, 
have a fauna which is clearly the remnant of a continental fauna. 
l‘he islands to the east of this line are cither volcanic like Samoa, 
or atolb of coral limestone like the Ellice islands, and the ocean is 
continuously deep here. Fossil-bearing strata are absent from these 
inlands and geologists are not aU agreed as to whether there ever 
was a land mass in the centre of the Pacific or not; but it seems 
inconiestible that the present fauna of these isbnds is oceanic* and 
most ^oologbls are agreed that if there ever was a central continent 
it must have sunk completely and that neither the present islands nor 
their flora and fauna are a remnant of a continental mass. 

The disiribution of the land molluscs of the Pacific islands h 
interesting in this conneclion and rather differcnl from that of most 
gfoupa of animals. Throughout Polynesia (including the Hawaiian 
islands) the snail fauna is very uniform and at the same time very 
different from that found elsewhere. The ancient generalized gcnu$ 
Purtula is confined to Melanesia and Polynesia, but is widely 
distributed throughout these island groups. On the other hand^ 
many groups w hich are widely dispersed in the rest of the world, 
including other oceanic islands—^for instance, the Heliddae and 
Arionidae—are absent. The distribution of the land molluscs h 
thus consistent with the hypothesis of an ancient continental land 
mass uniting all Polyuria with flawaii, and it has been suggested 
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thnt tJi(^ Isind broke up 'mio soialler land areas in middle Mesozoic 
times—that is, early enough to account for the absence of mammaU 
and other animals in the area (see Table of the Main Geological 
Periods, p. 15)* 

The presence of amphibia in the Bismarck archipelagOp the 
Solomons, and Fiji h \’ery good evidence that these islands are of 
continental origin^ Amphibia^ like many other fn2shvvater animuls, 
are unable to sur\dve expcksure to salt water and have special difliculty 
in reaching isbnds; they are often poorly represented even on 
undoubtedly continental islands since they are easily liable to extinc¬ 
tion and cannot ri!^dily be replaced. There b practically no standing 
fresh water in the way of pooh or ponds on small islands, and heavy 
rains and steep hills combine to form torrents which would wash 
aw'ay the tadpoles of ordinary^ amphibb rather than allow their 
leisurely development. The amphibia of Mdanesb are able to sur¬ 
vive under thc£e conditions because they have dispensed with a free- 
swimming tadpole stage. The evolution of these special methuds 
of reproduction can only have proceeded gradually, and must have 
taken place while the blanda were separattnig off from the mainland 
and getting smaller. 

Freshwater molluscs are very rare and aquatic insects arc absent on 
most oF the small islands. Some of the older oceaxtic islancb have 
freshwater $nails which have evolved from marine forms. I'he 
Hawaiian islands have few aquatic mseetSp no caddb flies, only four 
species of water beetle, and two aquatic Hemipitra, Dragonflies 
with their great powers of flight are, however, widespread on islands^ 
Most of the few freshwater Eshes found on oceanic islands have 
originated from the sea, and the same is true of the prawms found in 
island streams, 

bland species are isolated from their felloAvs on the mainland or 
other islands and tend to evolve along independent lines. *l'he more 
effectively and the longer an island lias been separated from the 
nearest inhabited area the more endemic species it will have; but 
the accessibility of a particular island from other more thickly 
populated areas will differ for the different groups of animals^ If 
an archipelago Is compared with a neighbouring mainland it is 
evident tliat the isolation of the separate islands hna led to the 
evolution of many separate species, many of %vhich are confined to 
single islands. The Philippines, far example, have over 1,000 
species of land snail, while there are only about 6 oq in the whole 
of Indo-China and Siam. The amphibia of the Solomon islands. 
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which axe Papuan and not Australian in origin, are fairly homo¬ 
geneous and species which arc found in the Sdlomons are not found 
in New Britain and Ne^v Ireland. This indicates that for a long 
period the SoloniDns were contiguous with one another. 

On ancient islands well isolated from the continent the genera are 
often split up into many species. The Hawaiian islands—very 
ancient volcanic islands ^.ooo miles from the nearesE land—have a 
very high proportion of endemic species of land snails^ birds, insects 
and fish. There is a primitive fami^ of land snails represented by 
fourteen genera, and a great many species—of which none, either 
living or fossil, are found anywhere else. Some of the genera are 
confined to single islands and each of the vallc>^ radiating down 
from the mountains is often characterized by its own series of species. 
The weevil-like genus ProUrhinus has evolved on the Hawaiian 
archipelago and there are about 150 species endemic to these islands. 
A few species have spread out from there, one has been found in 
Samoa, one in the Phocnct islands and two m the Atant^u r^ftaa * but 
none is known elsewhere. 

The Galapagos islands arc not so completely isolated and two 
ocean currents flow past them, one (in their winter) from the coast 
of Peru, and the other (in their summer) from the Gulf of Panama. 
The 46 species of land snail, whose dispersal m^y have been faA’oured 
by these currents, arc mostly endemic, but they all belong to Central 
or South American genera. The same picture is given by the rest 
of the Galapagos fauna. 

Isolation on islands affords efl^cctive protection against the entrance 
of competitors^ and forms which have succumbed in the struggle 
w ith more advanced species on the continent may survive on islands. 
Moreover, the absence of native land mammals other than bats on 
most blands is specially favourable for bird life. The raiher helpless 
pigeons increase in numbers from the Malay archipelago eastwards 
as the mammals decrease, and are strikingly developed in Polynesia, 
where no native land mammals exist (apart from bats). The distinc¬ 
tive Didunculidac family of pig^us is confined to tw o islands of Samoa. 

iTic absence of predators makes it possible for island birds to 
develop unusual colours. The evolution of the birds of paradise in 
New CuinoL and the immediately adjacent islands may be explained 
in part in this way, (The New Guinea land fauna i$ described in 
voL IV, pp. 115-9.) For the same reason a number of island birds are 
flightless. Fllgbtlcssness in birds and insects on Islands is, however 
characteristic especially of small level islands in stormy areas The 
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mo$t $tiiking examples are found m the Kerguelen, Croaet, and 
other sub-anurolic isbndsp and the phenomenon is not quite ao 
conspicuous in the Pacific. 

The size of island animab frequently differs from that of their 
mainland rebtives. Reptiles, especially tortoises and lizards, tend 
to be very large. The largest living land tortoises are found in ih^- 
Galipagos, which also have two brge species of iguana. These 
may well be relics of faunas which were originally more widely 
distributed ; but the large geckos and skinks of, for example. New 
Caledonia, suggest a real connection between insularity and large 
size. On the other handp many mammab become smaller when 
confined to islands. 

The constant humidity of islands, together with their rebtively 
long coast line, favours the land crustaceans. Small tropical islands 
have great numbers of land crabs—hermit crabs, racing crabs and 
coconut crabs (Plates 57, 5S). The hermit crabs adopt the shells 
of land snails in the Solomons and other islands. All bnd crabs 
migraiG to the sea to breed and their lar\"ae live in the surface waters 
and are carried from bland to island by ocean currents^ Most of 
the specie arci for this raison, widespread in tlie Pacific islands. 

Chances Produced by Ma.n 

"I^hc absence of native predators and the lack of competition with 
modem species, while it has permitted primitivt species to surv^ive on 
islands and has allowed the development of bx habits and biKarre 
forms which would otherwise have succumbed in the struggle for 
existence, at the same time renders island species especially liable to 
extermination by introduced forms. An ant introduced into Hawaii 
has destroyed the endemic forms in extensive forest areas. The 
introduction of cats and dogs, which have run wild, has resulted in the 
extermination of the native fauna of several islands—though very 
occasionally the animals have been able to change their habits in 
timCp like the tooth-billed pigeon of Samoa, which has recently 
adopted an arboreal life. Lord Howe island was made a bird reserva¬ 
tion in iSyg. but in 1918 a steamer was wrecked there and its rats 
swam ashore and multiplied ; within three or four years most of the 
native fauna had been exterminated. Until recent yeax^ native birds 
were plentiful in V'itl Levu, the largest island of Fiji. 'Ihen minahs 
and bulbuls were introduced from India, and also the mongoose, 
the bst for the purpose of killing the rats in the plantations. The 
result has been that these adaptable immigrants, especially the 
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mongoose, have driven all mtivc birds and most of the other small 
native fauna into the remoter recesses of the island. Native birds 
arc rarely secOp while nunahs and bulbuls are abundant^ even in 
Suva. 

Many kinds of animals have been introduced to the inland by 
man, either dclibrratcly or unintentionaUy, first by the native peoples 
and more recemSy by liuropeana. The hlelanesians and Polynesians 
coming from the west brought with them domesticated dogs and 
pigs, as well as many cultivated plants. With them came the rat 
Rattus exttfans^ the only w“ild mammal other than bats to be found 
in any of the islands east of the more w'esterly Solomon islands. 
This small rat has evidently been carried about m cano^, and is 
found n nearly all parts of Oceania, southwards to Ktw Zealand, 
eastwards to lahiti and northwards to the Hawaiian islands. Such 
introduced animals often spread with great rapidity in their new 
home, A few rabbits left on JMiocnL\ island in 1889 seem to have 
been so prolific that, it is said, the island was over-mn with them 
some years later. Deer, introduced into New Caledunia from the 
East Indiesp multiplied so greatly that they beeame a pest by reason 
of their damage to crops' about 1930, seltlers in a southern district 
organized a drive in which machine guns were used to kill them. 

Domestic animals hai^e often escaped ?ind their descendants 
become feral. The goats of the Galapagos arc much more difficult 
to approach than are most of the native animals which, owing to 
their long freedom from imerfercncc from predators or human 
beings^ are astonishingly tame. 

Pigs liad run wild in many islands before Europeans arrived and 
wild cattle, which owe their existence to Europeans, are found in 
the l\Iafquc!sas, and in Samoa and in Fiji. (The internal and external 
parasites of pigs and men are of Asiatic origin ; but there are some 
rather surprbing absences. The relative absence of tapeworms and of 
7 VifAtffr//a spitiilis^ (p, 2^31) from a human p>opulation intimately 
associated with pigs and rats is quite unexplained, and so is the 
absence of Ascani lumbricoide^ in some areas^ though where it has 
been introduced it has rapidly become common.) 

Man, besides introducing species by active or passive means, also 
has a profound effect on the environment, sometimes enabling a 
spec its arriving by independent means to survive where it would 
otherwise have lacked subsistence. Many insects arc restricted to 
one food plant, and if a suitable plant does not occur on an island 
they Will be unable to colonize it even if they are able to reach it 
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repealediy. The beautiful butterfly Daumda i^^hippus h widely 
di^tiibuted in North and South America. It is a powerful flyer 
and lar^e flocks often make extensive migrations, and it b now 
found in many Pacific islands including the somewhat bare 
of the Ellice groups It reached New Zealand in iS^o. Hawaii in 
1845-50, the Marquesas about i860, and Tonga and Samoa beween 
18&0 and 1870. Its food plant is a weed introduced by shipping; 
but it Is thought that the buKcrflics arrived by flight* If thU is 30 * 
since it feeds only on a plant of recent ioitjfodiyction+ this butterfly 
must have been flying about the Pacific ocean for countless ages 
>vithout being able to colonial the islands it reached^ for lack of food. 
An instance of the way in which human interference can disturb 
the balance of nature is given by events reported on Wake island 
a few' yeara ago* After the establishment of the Pan-Ainericaii 
*\irwavfl station on one of the islets there, the large numbers of rats 
were found to he a great pest* Finally^ resort ivas had to poison and 
the rats, ravaged by thirst, died in large numbers at the waieFs 
edge. The islets teem with hermit crabs, the common sea-shore 
scavengers of atolls. They devoured the rats^ but in turn died^ in 
thousands. ITie sea birds, ivhich had not eaten the rata, devoured 
the hermit crabs, and within three weeks of the initial operations 
they also lay dead on the beach in large numbers, sufflcienl to create 
a most unpleasant stench. Since the scavenging hermit crabs had 
been pnieticaUy wiped out there was now no natural means of 
disposal of the decaying corpses of the sea birds* The upshot was 
that rat-poboning cancelled, and as soon as it w'as thought that 
the effects of the poison had passed, quantities of hermit crabs 
were secured from another islet and released in the hope that the 
faunal balance would once more be restored- 

DiSTRTBtnriON OF Pacific Land Fauna 
An analysis of the distribution of the families of land birds in the 
Pacifle isLinds will serve to illustrate the pattern of the distribution 
of the land fauna in general, and it will be seen how well the distribu¬ 
tion of the land birds agrees with that of the insects as indicated 
by Zimmermaim’s map (Figs. 69 and 70.) The Hawaiian islands 
are so isolated and have consequently such a special fauna that it . 
will be well to deal with them separately ; the Galapagos and Juan 
Fernandez also come in quite a separate category. Almost the 
entire land fauna of the rest of the Pacific area has migrated from 
the west and is cither Australian, Papuan or Asiatic in origin* Nearlv 
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Fh;. 6^. Eaiicni limin of raftKts of N'cw GiiuiM land birds 
I, Pelic«i^. storks, ibises, orioles, nuthatches, birds of paradise t a osso- 
wanes, bee-oaiers, nishtfsrs; 3, injc owls, water kingfisheis. pyKmv 

parrots, cockatws. pjpKs, Sunbsrds, horabjlli; 4, «ow 8 ; S. hawks, babblinn 
thtoshes fanish turk<T«, thtri-kneea - 6 , honej^taters, thnishes. wcovet- 
birds, whitc;cy«, cuckoo-shi^es; 7 bam owls, starlings, ahriJkci ; & tno 
eastern Itrnit), plovera, sandpipers, snipes, rails, cuckoos, wood kinirlishers, 
EDJies, lunk do™^ IwmnH, pigcCFiis, huit pigeons^ swiftii, rfiycotchers. Bsscd 
on VBHQVi sourccG. 


all ihc Lairds belong to faitijlics with representatives in New Guinea 
and it will he convenient lo start widi the New Guinea families 
The pelican, srork, ibis, oriole, nuthatch, and binl-of-paradiae 
families arc not found in other pam of the Pacific area, though all 
but the bit^ of paradise have a %«dL‘ geogmpbic distribution else¬ 
where. I he lards of paradise arc confined to New Guinea and 
North Australia a few nearby islands, (2) Cassowaries, bee- 
eaters and nightjars have representatives aUo in the Bismarck 
archipelago. (3) True owb. water kingfishers, king crows, pygmy 
parrots, cockatoos, pipits, sunhirds. and honibills are found in 
Neiy Guinea, the Bismarck anchipelago and the Solomons, but not 
further east in the islands under consideration. Crowned pigeons 
. and pittas also reach the Solomons. (4) The ciow family is repre- 
senied al*o in New Caledonia. {5) Hawks, babbling thrushes, 
tiiidt-knees extend cast^vards as far as FiiL 
c '/ f noney-eatcr, thrush, weaver-bird, white-eye and cuckoo- 
shiike families reach as far as Samoa. (7) Bam owls, starlings and 
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shrikes extend to Islands to the enst of SamcKt, but do not reach as 
far ^ the Marquesas. (8) Finally, of the New Guinea birds, plovers, 
sandpipers, snipes, raUs, cuckoos, wood kingfishers, lories, turtle 
doves, herons, pigeons, fruit pigeons, swifts and flycatchers extend 
over the whole of Melanesia and Polynesia, including the Marquesas. 

he famihes ao far considered all have a fairly continuous distri¬ 
bution and the general picture is clear that as one passes eastwards 
some form of animal life b left behind every time the sea between 
^\o groups of islands is crossed. The number of families with 
discontinuous distributions is too small to upset this picture. The 
awa ow 18 i^pre^cnted m New Guinea and exteneb eastwards 

^ ar as rijt j then there h a wide gap until it reappeafs in the 
i^lancb. The warblers are found in New Guinea^ the 
ismarck archipelago and the Solomons, and there are a nurnbet of 
endemic species in the Austral islands, the Society islands and in 
the Marquesas ^ but they are absent from the whoic of mtervenmg 
western Polynesia. Bustard quaijs, grebes and frog-mouths are 
found m Kcfw Calcdqnb ; but not in the New Hebrides or the 
tjolomons* Honey-peckers occur in New Guinea and the Bismaixk 
i>clago and also in the Tuamoto arclupeJ^go. The flightless 
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kagu (French^ of Xcw C^letlorusi, md the tooth-billcd pigeon 

{Z>jJi/woifiw) of Samoa have been given fandlies to themselves which 
are not repre^nted anywhere else in the world outside these tivo 
respective places. The islands named in the above lists form a 
fairly continuous series from west to east and atl the groups contain 
high volcanic islands with forests. The Gilbert^+ the Phoenix and 
the Ellice islands and also the Marianas^ Carolines and Marshalk 
to the north are all groups of low coral atolls with little vegetation 
and a much more scanty fauna. Hotvcvcr, many of the families of 
birds found to the east of Fiji also have, representatives in these 
atoll groups. 

As a result of their extremely isolated position the fauna of the 
Hawaiian islands does not sho^v a close relationship with any other 
fauna. Nearly all ihc spedea and most of the genera are endemic. 
There is one fimily of birdsp the brighdy coloured^ beautiful 
Drepaniclidae, which Is found in the Hawaiian forests and which 
occurs nowhere else in Lhe world. Of the other Haw^aiian families 
of bnd birds the honey-eaters and flycatchers have representatives in 
the west hut arc unknown in the Americas. The finches are found 
all over the w^orld except in the East Indies east of IkmieOt New 
GuineaH Australia or Polynesia. The plovers^ sandpipers^ snipes^ 
rails^ crow's^ herons^ hawks and owb are found both cast and west 
of the Pacific* 

The birds of the Galapagos, while brgely endemic, are clearly of 
ultimate Central and South American origin, and include finches, 
humming-birdsp honey-creepers, flamingoes and mocking birds* The 
fauna of Juan Fernandez shows simibr rebtionships to South 
America. 

The analysis which has been given of the distributidn of the birds 
by families brings out the general trends very well \ but it obscures 
one important feature, that is^ the very limited range of most of the 
species concerned. A few species arc very widespread ; but most 
species are restricted to a small group of islands, often to a single 
bland. Nearly every island in the Pacific possesses some species 
of animal which is restricted to it and cannot be fonnd anjwberc else. 
Such species are very easily exterminated. Cutting down a forest 
on an island, for example, may mean the loss of dozens or hundreds 
of species of plantSp birds, insects, snails and other animals which 
occurred there. 

The sea birds of the Pacific art not of particular interest from 
the geographical point of view. ^Pems, petrels* ducks* frigate birds, 



Great frigate birds ncsiinif, Hmuiu^ Marquesas 



1^1 ate 6 o. Young riiKflte bird 
'lYie bmu'ti adult pliimaj;^' is beginning to 
gnii%' thmugh the ^'hitc dinvn. 




Platt fit, Plack-fiintcd lUhntrtjsa an<l yoiiUK, 
I.iiyfuin, Hawaiian isliimla 
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boobies and trppk birds are widespread. Frigate bircb (Plate 59) 
arc the most completely aerki of sea birds; they ne\*er alight on 
the water or on level land but fly in the air all day and rest in trees 
or on a slope at nights Their food consists of fish and other creatures 
picked up from the surface of the water in flight. They also chase 
other sea birds and force them to disgorge their food for them* 
Cormorants arc strangely absent from tropical Polynesia but arc 
found in some parts of Mebnesia^ and there b a flightless species 
in the Galapagos. The cold Feru (Humboldt) current flow’s north¬ 
wards off the South American coasts and although they are right 
on the equator the Galapagos have a species of penguin (Sphenisats 
Ebewhere in the Pacific^ and in the southern oceans 
generally, penguins (except for the Humboldt pengtiln, which 
breeds at 6^ s on the coast of Pem, and the blue penguin, tvhich 
breeds as far north as More ton bay in Queensland) are limited to 
higher latitudes. They are found on the shores of Antircticn and 
in the blands of the south-west Pacific, including the Kermadecs. 
There are three species of albatross (Plate 61) in the area, t%vo of 
which breed in the Hawaiian and other Pacific islands, and the 
third in the Galdpagos. 

Life ls the Ocean 

All the life in the sca^ as on land, is uldmately dependent on the 
sun for iis energy. Plants use this cmrgy to build up the organic 
substances required in their structure from carbon dioxide and 
certain essential minerals dbsolved In the water. .Animals build up 
their bodies by feeding on plants or other anlmab, or on tht remains 
of plants or aniimls. 'Fhe depth to which light penetrates depends 
on the turbidity of the water, but even in clear open waters there is 
insufficient light to support much plant life below about loo fathoms. 
The only plants found below this level must be dead^ and all 
the animals are cither scavengers or carnivores. Thus the amount 
of light in the different depths of the sea primarily determines the 
development of plant life and thus influences the animal life 
secondarily. It has also an infliicmce on the coloration of animals 
and on their vision. 

Traces of light can be detected by photographic means to a depth 
of over 500 Fathoms in the open subtropic^ ocean. The more 
nearly the poles are approached^ the shallower b the depth at which 
plants get enough light for growth, so the plants and the animals 
dependent on them for food are concentrated near the surface. 
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The temperatii^ reladons of the water are of great importance 
to the understanding of marine aoogcognjphy. The temperature of 
the sea varies with Joeation and also with the seasons. The polar 
and tropical seas ha%'e relatively uniform temperatures throughout 
the year. The annual range of surface temperature is less than 
y'' F. on almost three-quarters of the ocean surface, and on one-third 
of this, especially in the tropics, it is less than 3“ F. The greatest 
vanations appear in localities where warm and cold currents meet 
and predotmnate by turns. As the temperature of the surface of the 
water is raised by the sun’s heat in the summer months the water 
decreases in density; as 3 result it stays at the surface, and there 
is a gradual decrease in temperature with depth. Over 80% of 
the ocean floor is more than a mile below the surface and has a 
temperature of 37“ F. or a little less. The radiant heat of the sun 
d«s not reach deep into the water and the effective distribution of 
the heat in the depths is accomplished by water movements. The 
colder, and hcncc denser, waters of the polar seas sink and flow 
slowly along the ocean floor towards the equator and ate replaced by 
warmer water in surface currents. On lee coasts within the influence 
of the trade winds, the warm surface water is continually bloivn away 
and driven against the windward coasts. This is compensated for 
by an upw-ard flow of cold w ater. The lower waters are often separated 
from the surface layers by a very definite boundary, or discontinuity 
layer ; there imy be several strata of water of different origins and 
different densities one above the other. There is usually 3 sudden 
drop in temperature as the discontinuity bycr, or thcrmocline, is 
crossed from an upper to a lower layer. These discontinuity layers 
impede the mixing of the waters and there is a marked difference in 
the phpical properties and the chemical and biological content of 
two adjacent strata. A discontinuity level is found in all warm seas 
and usually lies between 25 and 75 fathoms. 

The chemical content of sea w'atcr is remarkably constant as a 
slow but complete mixing of all layers takes place. The alight 
differenoes in composition which do occur are, however, of great 
importance biologically. Phosphates and nitrates are minerals 
essential for plant life, and they are present in sea water in such very 
simlI amounts that the growth of plant life and thus also of animal 
me of a given part of the sea is limited by their concentration 
Pl^ts can only n«kc use of them where there is light, and so the 
phosphatB nitrates are rapidly used up in surface waters but 
accumulate lower down. The plants have to secure them from an 
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extremely dilute solution and this necesisitates that they be of small 
size in order to have a hi^h ratio between area of surface and bulk. 
1 n contrast to the plants on land, the marine plsmts which form the 
basis of the food chain, even for fishes and whales, consist of micros 
soopic diatoms and other even smaller plants. The loss of these 
minerals from the surface waters is increased as the bodies of many 
dead organisms which have fed on the plants sink below the plant- 
inhabited layers. Here the nitrogen and phosphate content of the 
water cannot be used and 30 the concentration increases with depth+ 
The fertilization of the lighted upper waters by nitrogenous com¬ 
pounds occurs largely through the upw^elling of deep w^ter and the 
inflow of fresh water from the knd. 

In shallow coastal seas the tides and storms are able to keep the 
Tivaters misedT and in temperate and cold latitudes there is a periodical 
mixing of the waters in consequence of the cooling of the surface 
water in the winter. By this means nitrogenous w'ater is brought up 
from about 70 fathoms in temperate waters and from 400 or more 
fathoms in Arctic and Antarctic waters. A great outburst of diatom 
growth follows in the spring w^hen the light increases. On coasts 
W'here continued off‘-shore w'inds carrj' aw'ay the surface waters a 
compensating current rises from the depths^ carrying with it nitrates 
and phosphates. No oceanic w’aters sw^arm so with life as the 
Upward streams of deep water w^hen they reach the surface in tropical 
latitudes. The coast of Chile vvith its cold upw^ard currents is 
especially notable for the wealth of its marine lifei and the nitrated 
of the guano deposit have come from this source through a complex 
series of food chains of the type : diatonit copepod* fish, bird. 
Vertical mixing also occurs where a warm current passes a cold one» 
and again a rich fauna results, 

In tropical oceans generally, how'ever, there is comparalix^ely little 
life as there is very' little mixing of the waters. The scarcit)' of life 
in tropica] waters may however be partly illnsor}^ The temperature 
is high and the biological processes are greatly speeded up so that 
a life history may only take a few days instead of several weekSn 
Another contributory cause of the poverty of life in the open south¬ 
eastern Pacific is the fact that compared with other oceans the Pacific 
has very few long rivers flowing into it. Nearly three-quarters of 
the extent of the entire Pacific ocean h z,ooo fathoins or more deep, 
and there are no continental shelves on the west coasts of the 
Americas. 

Oxygen is prraent in sufficient quantities for life at all depths in 
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ihc cpen oceans. It is nitt]rally most abiiridant near the sorface, 
especially m the lighted Kone where it is given off by the planktonic 
plants. Towards the bottom of this zone plants absorb as much as 
they give off ^md at a depth of about Z50 fathoms there begins to be 
some deficiency. At greater depths, however, there k less food supply 
and so there are fewer animab to use up the Oxygen. As it is being 
constantly brought in fmm high latitudes the great ocean depths 
have an oxygen content only a liitle below normal. If it were not 
for this circulation the oxygen would soon be all used up. In some 
parts of enclosed seas like the Mediterranean and Baltic there h no 
such bottom current and carbon dioxide accumulates and there is 
lack of oxygen. In deep inland seas and In some isolated bays and 
liar hours where there is a rich surface fauna and stagnation in the 
bottom waters, the lack of OCTgen becomes so great at the bottom 
that the hydrogen sulphide produced by the decomposition of animal 
matter is net oxidized and accumubtes. In exireme cases, such as 
at the bottom of the Black sea, all life becomes impossible. 

Pelaoic Anlmals 

Pelagic anunab may be grouped according to their ability to swim 
freely {that is, indepcrideiitly of the oceanic currents) or according 
to tlieir dependence on the latter. Those independent 

movements are insignificant in Comparison with the movements of 
the water belong to the plankton. All animab less tlian half an 
inch long which are suspended in the water, either at the surface or 
in deeper layers, come under this category and so do many of the 
larger forms, particularly the jellyfish. Nearly every group of 
invertebrate animab has representatives in the plankton. A great 
many bottom-living and sedentary animals are planktonic during 
the early stages of their life histoiy; w^orms, staifish, oysters, crabs 
(including'land crabs), eprab and many fishes have frec^swimming 
lar>’ac which drift in the surface waters. While the total number 
of individuals in a given volume of water is comparatively small in 
the tropics, there b a much greater variety and there arc many 
more species than in higher latitudes. 

Living mailer is a little heavier than water and so planktonic 
animals have speoiaL adaptations to prevent them from sinkings 
As far as possible the specific gravity Is reduced, and shells are very 
thin or absent. Jellyfish, pteropoeb, pelagic bristle-tvorms, squids, 
and some feebly sw imming fish all take up large quantities of w'ater 
so that their tissues arc light, transparent, and jellylike (Fig. 71), 
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Flotation b aided in many of t be aninnalij, from protii^oa to basking 
ebaikSf by accumulations of fats and oils. Gas is present in the 
iioats of the Portuguese Man'^>^AVa^ and the By-the^Wind-Sailori 
and also in the air sac of bony fishes and the lungs of sea snakes. 



Fig. 7t. A pteropod (or sen butterfly) 

Alt eitimple of a moUu$c showing q number of modifications of structure 
for pek^c life. The body Is perf^y tmnsparent and gcUitEnoiu i the sheU 
is very light and pnper-Iilw ; and the ’foot* is modified into a pair of Hupping 
'wings*. About ihree^rfuarter natural dxc# Drawn by J, Pi^ Harding. 


turtleSp seals and whales. A large number of small planktonic 
organisms of different kinds retard the rate at which they sink 
through the water by having long spines or feathery process, or 
by extreme flattening so that the frictional resistance to $ihking b 
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greatly increased. Several examples, are shown in Fig, 72. Many 
pelagic animals keep up in the water by active swimmingi. Feeble 
suimmers- like jellyfish and pteropods direct most of the energy 
of swimming !□ opposing gravitatlDnal pull^ and there is ’v'ery little 
movement in a hori^ontsJ direction. Better swimmers adopt more 
streamlined shapes, and suspensory processes are placed in the plane 
of motion, (as in Caloc^tmus) or dispensed with altogether. The 
fish of the mackerel group, which includes the bonitos and albacores 
of tropical seas, are aJl extremety vigorous swimmers and stream¬ 
lining is carried to perfection; even the body fins fold into groves. 

Flying fish (Plates 63-4) are found in the surface waters of all warm 
seas^ mostly in the open ocean far from bnd. They form the 
principal food of many large ocean fishes^ it is mainly in order 
to escape from their enemies that they leap from the water and 
then glide for a distance of Uvo or three hundred yards. There are 
about 50 species of flying fish and they may be divided into two 
main types, the four-winged and the two-winged forms. The 
former have the pch'ic as Avell as the pectoral fins enlarged into 
' wings * and are the better fliers. The fish swims rapidly upwards 
with both pairs of wings folded to the body^ and breaks the surface 
with the front of the body and spreads the front wings. The fish 
then * taxis ' along the surface of the water, propelling itself fonvard 
by powerful lateral thrusts of its tail, the lower [obe remaining iti 
the water. 'Fhe violeric movements of the tail cause the whole body 
and wings to vibrate so that the latter appear to flap, though they' 
are in fact held rigidly. When a speed of 35 m-p.h,or more been 
attained the fish becomes airborne ; the pelvic fins arc raised, the 
tail Is lifted from the water and the fish glides through the air w’ith 
both pairs of w ings held out stiffly. At the end of the glide it either 
dives gracefully into the water or gets up speed for a second flight 
by lathing the w ater again with its tail. The tw o-winged forms glide 
through the air in much the same w’ay; but they dart directly into 
the air from the sea and return with a splash at the end. 

Must planktonic organisims make vertical diurnal Tnigrations and 
move upw'ards at nighty The surface water of the oceans become 
much richer in plankton at night for this reason. 

The minute plants and the small animals which feed on them 
directly, including part Leu larly the copepod Crustacea* which 
comprise 90% of the fauna, occur in enormous numbers^ A great 
many of the pelagic animals of all kinds and Biaes, ranging from 
small Crustacea less than a quarter of an inch long to the largest 
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m md ffaocidn in a number of different typ^ of animal 
A, C/oucuf^ q pelq^c sea slug i B> A/tlfowo, the krvn of r briilk-woTrn ; 
Cp JamQj^t^riSf R bristlt-wunn pcbgic when adult; Phyllasomo^ tbe 
larviiJ form of the cruBtaceon Paiinurui i Ep LopMut^ the pelagic larw^a of a 
bottom-liviiiR iinglcr fia-h ; F, Sffgetr«p r cmstaccRTi larva s C^Jocpianus. 
0 copep^. Based on W. C. AUde and K. P. Schmidt^ Ecpiegiial /lujjitol 
Gfpgraphy iSew York, 1937). 
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whales^ have devdoped sieve-like strainers for securing their food 
in the form of enormous numbers of organbmSp small tx>mpared 
with themselves. Copepods have a complicated arrangement of 
moving mouth-parta with bristles. The stracmre and movement of 
the parts ate so arranged that a current of water flotvs through a 
mesh of fine bristles* leaving the food on them to be raked into the 
mouth. Plankton-eating fish, including large forma like basking 
sharksp have gill raters which sieve out the food from the water 
before it flow's over the gills from the mouth* Over 60p000 small 
copepods captured in this way have been found in the stomach of a 
single herring* The whales have great plates of whalebone from 
which long fringes hangiiig down into the mouth sieve out the food 
in the same sort of way, Thc$c: screens are verj' effective; some arc 
capable of tspttiring planktonic organisms tvhich are too minute 
for the finest silk nets and w'hich remained undiscovered until the 
food collected by the filter plates of appendiculariarts w^ examined. 

Most pelagic animab, whether active swimmers or notp are very 
widespread in the oceans; but the distribution is not uniform. 
The composition of the plankton varies with time as well as w^ith 
locality, UsuEilly th<^re are a great number of different species ; but 
at a given time and place one species may flourish and overwhelrn- 
ingly predominate. This is especially the case in shallow seas. The 
plankton of the open Pacific i$ not so liable to sudden changes and 
most of the fauna is made up of animals independent of the bottom 
throughnut iheir hfe history. Near Land^ or w'here the sea is shallow^ 
additionat species which arc dependent on the sea bottom for part 
of their life will be included. The distribution of the whales is 
dominated by the distribution of their food ^upply^ The whalebone 
whales like the blue whale {Fig. 73) are at home in the Arctic and 
Antarctic seas where there is such an abundant plankton; they 
migrate from the polar seas in the winter to breed. The hump-backed 
whale is found in Pacific coastal tvaters feeding on plankton and small 
fishes. In the open w'ann seas the plankton is comparatively rare and 
the richest life is at a lower level where there are large numbers of 
large Crustacea and squids. I'hese are found in the stomachs of the 
sperm whale, which is found in these warm waters and is noted for 
the great depths to which it can dive. 

Animals of the Sea Floch 

The environmental conditions of the floor of shallow waters arc very 
varied and the fauna is very rich; perhaps the most important of 
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Fig, 73. WhflJea found in the Pudfic oceMi 

A, sperm; B* black right; C, humpback; D, blue. Bawd on Tarioua 
Bourccj^ 

the niRJiy factors concerned in determining the nature of tlic Miiuial 
community is the type of substratum. The crannits found along rocks 
provide shelter for a great many dlfTerenl kinds of aniTnals and the 
rocks provide a sulrstratum for sedentary forms; in the Pacific, 
coral reefs provide this type of environinent in shallow waters and 
these will be described later 

Burrowing animals of all sum are characteristic of sandy bottoms. 
Many, particularly the worm-like forms, ingest the sand and digest 
the organic debris it contains as it passes through the body^ These 
forms need specially well developed gills with an extensive surface 
well supplied with blood to take in die ^cmity supply of oxygen in 
their surroundings* Other forms remain more or less stationary in 
their buirow's and have some arrangemcjit which causes a current of 
water to flow through a sieve and over the gills bringing both food 
in suspension and oxygen in solution. The numerous species of 
sand-living bivalve molluscs have a pair of hollow^ siphons protruding 
above the sur£tce of the sand, one leading to and one away from the 
gfll chamber. The gills are in the form of very fine nets with the 
meshea covered with microscopic cilia which lash the water through 
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the meshes and aUo direct streams of mucus, m which the micro¬ 
scopic food orgaabms became entanglcdp to the rnDuth. Some of 
the burrowing crabs form a tube of their antennae w^hich leads down 
from just above the surface of the sand to the mouth and gills ^ 
other crabs have other arrangements for the same purpose. Sea- 
luxhins and tube-dwelling worms have \'arious devices which agiun 
bring a current of water to them while they lie hidden in the sand. 
Inhere are also many predator}' animals in the sand and especially 
creeping over its surface. Starfishes, octopuses^ univalve mollusc^^ 
Crustacea, especially hermit crabs^ and also bottom-living fishes, 
flat fishes^ skates, rays and angler fishes are found here. 

hlud dwellers have a mode of life on the whole similar to that of 
sand dwelkm, but there are fewer of them in a given area as the 
supply of oxygen is more Uinitcd. In the main, mud-living forms 
are more delicately built than sand dwellers^ and have thinner shells 
and a w eaker niuscubture. 

Animals of Abyssal DErrtis 

The fauna of the abyssal depths Is quite unlike that of the relatively 
shallow w'aters which lie outside the geologist's Pacific basin (p. 14). 
The conditions are $0 different^ and there can be very' little inter¬ 
change between the populations of the two zones across the slope 
which connects them. Conditions are more unchanging in the abyss 
than anywhere on the carth^s surface. There is no difference betw^cen 
day and night or summer and wunter* The waters are absolutely 
still and silent and uniformly cold and dark. The pressure is very 
great, from two to five ton^ per square inch i but as the pressure 
inside the animals is as high as it i$ outride they come to no harm. 
As a result of the complete alienee of w ater movement, odicr than 
the very slow circulation descrihed above, moat of the animals arc 
very' gracefully and delicately built ; even the pelagic fbh have 
delicate, fragile skeletons and feeble muscles at these depths. 

Most of the bottom is uniformly covered with a deep layer of soft 
007 ^ of the consistency of summer butter, and animals living on 
it require some means of support. Some of the sedentary' animab, 
sea lilies and the like^ have root-like growths and long stalks. The 
sea urchins which creep over the ooze are often flattened so as to 
spread their wtighi over a wide surface, and many of the Crustacea 
have very' long slender limbs with the temiinal joints cJipandcd by a 
fan of brbtlcs to increase the supporting surface. 

No plant tnaicHal is avaibbic for food so the atiimals are all cither 
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Fip. 74. Various forms of dci^p-sfa fish 
'rhe pretlaiory nature of tht^kc lish is shoe'll by the largo mouths fumiahcd 
with long rcGun'cd teeth, and by the dbtcoalble stomachs which enable the 
fish to cat others as large as or larger than themselves. Rows of Ipminous 
orgaiu ate shown In C and D. The anj^ler^fish (B) has a luminous lure and 
p and E have enormous eyes. The fishes are as follows : A, Chtatmodorff 
great ; Bp Bi^fophtyne ; C, Eurypharynx, *gulpcr' ; D, 

^fgyrepii^cuSt ‘hatchei-^K* ^ Ex Afo/ofOrfiriirp "wide moutH^ ^ P^ar&i^porit ; 

Oj Sa^^ophaynx^ 'gulper'. Bos^ on J. R. Norman p A Hi^fory of Fish^t 
p. :^3l (Londoup 1931 J- 
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scavecgcra or predators. Food in the form of the remains of animals 
and plants from higher levels falls gently to the depths. It fails vciy 
slowly and most of the bodies of animab which die near the stirface 
are probably devoured Jong before they reach the depths of the 
ocean. So, under equal conditions, the deeper the ocean the less the 
food supply which reaches the bottom. 'Fhis must be one of the 
masons why animals are so sparsely distributed here, and perhaps is 
why deep-sea animals are generally much smaller than their mlativ'es 
at tlic surface. Most of the fishes are only an Inch or two long. 

On the bottom ate many detritus feeders living on the remains 
of animals from all Icvcb above. In general these are similar to 
detritus and mud feeders of shallow waters. Sea cucumbers of 
many colours plough their way through the oore, swallowing it as 
thej' go and extracting what nourishment they can. Many of the 
predatory' fish have very' wide mouths furnished with Jong recurved 
t^Kth and distensible stomachs (Fig, 74). They rarely find a meal * 
but when they do it may be a very large one. One deep-sea pelagic 
fish was captured and brought to the surface with a second fish of 
its own species larger than itself in its stomach. 


Colour and PriosPitOREScENCE 

There is a close conrebtion between the colours of marine animals 
and the depth at which they are found. The majority of the young 
fish and other animals in the upper waters arc colourless and gla^ily 
transparent. Below al>out 300 fathoms the fishes arc nearly all 
black and the Crustacea red. As rod ravs are rapidly absorbed by 
E« water, there is no red light at this depth and to other animals here 
the red cnistacea will appear as black as the bbek fish. I'hc dark 
coloured fish arc found nearer the surface in high latitudes and also 
at night. Animals living among rocks and weeds or on sand or gravel, 
in shallow lighted water, are often brightly coloured with stripes and 
spots and other patterns which match their surroundings. Many of 
them are able to change their colour according to the background 
against wliieh they are seen. Poisonous or distasteful animals may 
have conspicuous colouring to warn predators of their obnoxious 
hriiliant colours of anim^ associated with coral reefs 
will be diwussed later. Nearly all deep water animals are of a 
unjrorm colour^ black, red, gfey Gr white. 

Many manne animals are luminous. The phosphorescence of 
the sea on a dark still night is the result of the activities of a great 
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many different kinds of animals. N&rtiluca^ a protoisODn, is the one 
most often named ; but many of the small planktonic aiumEb con¬ 
tribute. The lower forms may give off a lummous secretion from 
the general body surface^ Some of the copepods have special glanda 
which discharge a luminous substance into the water so that little 
clouds of phosphorescenoe are formed. Many of the small jellyfish 
carry a girdle of little lights which flash in unison. Light-pitulucing 
organs are developed to their fullest extent in larger animak living 
in deeper water. Complex organs arranged m row's along the sides 
and on the head have been evolved independently in such different 
groups of animals as decapod cmstacea^ squids and fishes. They are 
like little searchlights and are complete with reflector beliind and 
lens in front, and sometimes a coloured filter is incorporated so that 
the light, instead of being whitep is blue, green or red. These organs 
are under direct nervous control and can be switched on and off at 
will. Light organs are raiely developed in animals confined to coastal 
or boreal waters; they are most fully developed in animals from 
depths near to the limit of light pcntiratiun, and gradually decrease 
in size at greater depths. In very deep water and on the bottom these 
special light-producing organs are rare^ though many of the bottom- 
living worms and other invertebrates secrete a general luminescence. 
The eyes of pelagic fish and Crustacea also tend to become small and 
imperfect in depths below* 250 fathoms and below a certain depth 
most forms are blind. Most bottom-living fishes^ on the other hand, 
have very large eyes, even in the greatest depths of the ocean. 
Presumably there is sufficient general luminescence produced by 
bottom-living invertebrates for those eyes to be of use. Probably the 
pelagic deep-sea fish are blind because the population is too sparely 
distributed for there to be enough light from what luminous organs 
they may possess^ 

Octopuses are bottom-living animats and do not develop light 
organs like their pelagic relatives the squids ; but their eyes art 
often large. The light is produced by all these different animals by 
the secretion of luciferin and its subsequent oxidation in the presence 
of ludferaie. It is an extraordinarily efficient pronscss as the light is 
Cold and none of the energy is lost as heat. 

Tlie function of luminoua organs is very little understood; in 
some cases where the animal remains buried in mud and the light 
can nev^er show% the lumincsoencc is probably only a by-product of 
metabolism and may sen'e no useful purpose. Animals living in 
burrowSj like the rock-boring piddock and some of the tube-AVorms, 
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are also hidden from view ; but k is possible that the light tends to 
attract into the burrosvs minute animals on which tltcy feed. In 
gregarious swimming animals luminous organs may help individuals 
O’f the same species to recognise each other, and one member may be 
able to see its prey against the background of light produced hy 
its fellows. No doubt they often serve to attract the sexes in the 
breeding season. The natives of some islands use the luminous organs 
of fish as bait with a success which suggests that their rightful owners 
may also find them useful for attracting their prey. Some of the 
deep-sea angler fishes do in fact dangle a luminous lure, on the end 
of a long tentacle, in front of their gin-like mouths. The sudden 
flashing of light may dazzle or distract a pursuing enemy, or the 
lights may sene as a warning that their owner is hartufiil or un¬ 
palatable as food. 

Tvpes of Corals (Plates 65-75) 

Corals belong to the group of animals known as Codentcrata which 
include sedentary forms like sea-anemones, hydroids and corals 
and rrcc-swimming forms like jellyfish. The basic structure of all 
is the same and consists of a hollow double-wailed body open at 
one end and fringed round ihc opening by tentacles. The tentacles 
are armed with tiny capsules which explode on contact wiih any 
floating or swimming organisms and some of the capsules shoot 
poisoned darts into tlie organisms while others shoot out adhesive 
threads. The prey is paralysed and adheres to the tentaeks which 
arc then curved round to push the prey through the mouth into the 
stomach, where digestion takes place by the secretion of enzymes 
by the inner wall, any indigestible remains being ejected by the 
mouth. In many forms the structure is considerably more compli¬ 
cated than the basic pattern described above. A great many cockn- 
terates, both sessile and free-swimming forms, have a vegetative 
type of repr^uction known as budding; young individuals grow 
out of the side of the parent in much the same wwy as a branch 
grows out of a tree. By successive budding a colony of many in- 
divtduals is formed, I'he stomach cavities of ail the individuals of 
a colony generally remain continuous with one another so that what 
is eaten by one individual helps to nourish the whole colony. In 
many coelentcratcs certain individuals of the colony specialize 
in feeding and others have no mouth but specialize in other hmetions 
such as sexual reproduction, ' 

U the simple hollow pattern were adhered to by the larger forms, 
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ihe anemones and many corals would have too small a digestive area 
for their hulk, so the wall of the stomach has radially arranged par¬ 
titions growing inwards and thus Incasing the surface. Many 
coelenterates have no skeleton, but those that do often have massive 
skeletons of calcium carbonate ; these are known as coral, 

There are three main types of coraL The most important corals 
arc the ntadreporarian or ' $cqny ' corals; these arc mostly colonial 
ond are of the sca-anemone type and form a thick skeleton around 
and below each individual. Each individual polyp sits in a pit in 
the skeletal mass, the floor of which is raised into sharp radially 
arranged ridges. The presence of these ridges, or septa* is character¬ 
istic of the stony corals. The coral may be solitary' as in the case 
of Fuiigia (Plate 67). This is a coral common in tropical waters, 
and is $0 Called because the septa look very like the gills of a mush¬ 
room* and the coral is itself very much the shape of the head of a 
ruushroom lying with gilb uppermost. When young, Fungia Is 
fixed to the ground on a stalk, but bter it becomes detached and 
drops on to the sand* where it continues to grow' until it is about 
6 in, across; in spite of its weight it avoids being buried by removing 
any sediment which falls on it as rapidly as it is deposited. Few 
reef-building corals arc free as is Ftirtgia, or possess such large 
individual polyps. 

Most of the reef-building corals form great colonies of many 
smaller individuals, all derived by budding from one original pnlyp, 
and the skeletons of all the individuals of a colony arc united to form 
a great stony mass of coral. The final shape of the mass depends on 
two tilings, the species of coral by which it is built and the conditions 
under which it is growing. In some species all the polyps have equal 
powers of division and budding, and in these the colony may spread 
in a regular fashion over the substratum as an encrusting layer, or 
a more or less spherical mass may result. In others the growth is 
uneven, and lobed or branching colonies arc formed. In the * brain ^ 
corals separation of one polyp from the next is incomplete and docs 
not extend to the skeleton, and as the mouths and tentacles are 
arranged in sinuous lines the surface of the rounded mass of coral 
has wandering grooves resembling the convolutions of the cerebral 
hemispheres of the brain, 'Fhe stagVs-hom corals grow in branebiog 
tree-like forms ; the polyp at the apex of a branch grow^ most 
rapidly^ budding off side polyps as it lengthens. When the branch 
has reached a certain length a side polyp some distance from the 
apex starts a new branch. 
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During the duytime most corals are inactive. The polyps expel 
from their bodies and shrink down each into its pit in the 
skcletonp so that the latter Is visible through the thin transparent 
living tissue* with a key hole-shaped mouth in the middle of each 
pit. At nightp however* a reef presents a very^ dilferem appearancep 
as the polyps are all expanded and the body and tentacles of each 
elongate enomnously and project far beyond the skeleton^ so that the 
general surface of the colony may be obscured by a forest of tentacles 
spread out for catching food (Plates 69* 70, 75). At night the upper 
layers of the sea are teeming with microscopic animab and plants 
which sink dowai into deeper wnter by day. Corals are ounivorous 
and feed at night on the minute anirnabj paralysing them with thdr 
stinging ceUs and passing them to the mouth by the tentacles. 

The corals so far described are of the sea-anemone type and are 
aometimes knowTi as ‘ true* corals. All the individuab are alike, 
and they are tlie most important of the reef-building corals. Besides 
these there are a number of corals allied to the btde hydroids, and 
there are also 'soft* corals (Plates 705). The commonest of the 
hydroid corals is Mitlepora, the stinging coral, which b found on 
coral reefs all over the wwld. The polyT^s are all united and em¬ 
bedded in a thick calcareous skeleton traversed by canals connecting 
the polyps. They are arranged in a definite pattern. The surface of 
the skeleton h covered with fine pores in groups, and each group 
has a ring of five to seven apertures with a larger one in the centre. 
Out of the central aperture a relatively stout and stumpy polyp 
emerges, thb has a mouth and a stomachy and out of the smaller 
holes project long slender polypa without mouths but covered with 
Uttle tentacles which are armed with batteries of stinging capsules, 
powerful enough to penetrate the human skin and cause a painful 
rash. The food Js captured by these slender polyps and carried by 
them to the large central polyp where it b swallowed and digirsted. 
Mittepora b remarkable for die great variety of ihc different growth 
forms it exhibits In different situations. 

It will be remembered that the body-wall of the coral is of two 
lay CIS—an irmer digestive layer and an outer skin. In all the corals 
so far described the skeleton is secreted outside the polyp by the 
outer skin. In colonial forms, particularly those that are bjanclung, 
this is not very obvious, as the fleahy parts of the polyps may be 
continuous with one another above, and coi.^er over the skeleton 
secreted by their lower outer surfaces. In the Alcyonaria or ' soft * 
corals* however, the skeleton is formed of spicules of calcium car- 
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bof^atc situated inside the pc^h^l between its outer and inner body- 
wall. In corals of the Dead-Man*$-Fiflgers type the spicules remain 
separate and the coral grti\^^ into fleshy masses which have some 
powers of contmetion and expansion as a wholc^ ap[iit from the 
polyps which can sink into or extend from their pits. These colonies 
(Plate 66) may reach a very large siec and cover several square 
yards. In other alcyonarians, of which the red coral of commerce 
is an examplcp the spicules are fused together to give a rigid skeleton. 
The red coral is not itself found on coral reefej being confined to 
temperate waters, but.there are others of this type which are im¬ 
portant on reefs. The organ-pipe coral, characteristic of many 
exposed reef crests* has a deep red skeleton composed of a mass of 
parallel little tubes united together at intcn'^ls by little pbtfonns* 
^Fhe living polyps with bright emerald tentacles project from the 
open tops of the tubes. As the colony grows older ihe tubes lengthen 
and the living coral becomes conhned to the upper portions of 
them ; the lower parts serve only to support the colony and become 
invaded by other animak of many kinds. 

Grow™ of Coral Colonies 

"ITic growth form of a coral colony Ls very much influenced by the 
conditions under which it lives. This is particularly the case with 
branching species. Important factors in the envLronment concerned 
with the form of the corat gmTth are the movemenls of the water* 
the direction of the light, and the deposition of sediment. Species 
which grow in one plane may be so orientated that the pbne of the 
colony is at right angles to the prevailing current^ thus offering a 
larger surface of polyps to the food-bringing stream. In other 
regions* notably those of luxuriant growth in shuUow w^atcr, bracket- 
and dish-shaped colonies presenting the maximum surface tow^ards 
the light are formed. The colonies do not overlap and the hulk of 
the polyps are situated on the exposed sunlit surface. 

The mechanical influence of the environment is considerable. 
It is mechanically impossible for delicate forms to exist in rough 
waters along tlie seaward edges of reefe wmhout being broken* and 
if they are able to survive in these wratens they must do so in compact 
rounded or flattened forms i and corals of the branc h ing type 
P'owing in such places have a denser and stronger skeleton and a 
more compact form. TlicLr short stumpy branches are often reduced 
to mere knobs. In the gently moving waters of lagoons and coral 
pools^ species which tend to branch can do so freely * and delicately 
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br^cbing fcintis with, only UghiJy calcified skeletons In 

deep still water in the deeper parts of bgoons the apical polyp of 
M&Jrepor^ goe$ on growing undisturbed* and the polyps budded 
from the side remain under its dommance and do not grow into 
branches and have no side polyps of their own. I'he result is that 
the whole coral colony may take the form of a simple cylinder of 
great length and fragdJty, mth practically no side branchc$i 
The ability of corals to live in the gentle waters of the leeward 
slopes of reefs will also depend on their abiJity to remove sediment. 
Sediment rapidly kills corals if it settles un them more rapidly than 
it can be removed. The chief means of removal is by cilia with which 
the living surface is covered. The polyps of colonies living in waters 
where much sediment is falling tend to be relatively tall andi to stand 
out from the genera] surface. Branching forms are less liable to be 
smothered in sediment than compact forma. When the upper surface 
of a coral exceeds a certain area it becomes impossible to remox^c 
all the sediment, and the polyps in the centre die. As the coral 
continues to grmv outwards elsewhere the result is that the coral 
mass, at first roughly spherical in shape, becomes flattened at the 
top as it grows, and ivith further increase in sisse in quiet waters xvith 
much sediment, the final result may be a great shallow boxvl in the 
hollow of which sand and other debris accumulates. Coral boulders 
xvLth flat tops arc also found in all regions where upxs'ard groxvth 
becomes checked by the surface of the sea and living polyps and 
further growth are restricted to the sides. Exceptional weather con¬ 
ditions* such as a thick layer of fresh water floating on the sea after 
torrential rains, or very bright hot weather, coinciding in either cases 
with a low spring tide, will cause great mortality among corals and 
may alter the w'hole facies of a rceb 
The colours of a living coral reef arc very striking. Not only are 
the corals and the calcareous algae encrusting dead coral rock of 
many vivid hueSj but most of the other inhabitants of the shalloxv 
waters are SO too. The colour of a coral is due to the living soft 
tissue, the limestone skeleton being usually xvhite, and is to some 
extent dependent on light, for corals in deeper water generally lose 
their pigment. The same species of coral n^ay be quite differently 
cOiOured even xvhen living in what seems to be an identical en¬ 
vironment ; usually rliffercnt parts of the same colony differ in 
colour* The brown colour of some of the corals is often due to the 
presence in the tbsucs of the body of great numbers of minute single- 
celled plants. Most corals, except those found in deep water^ have 


